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 The definition of a species, a fundamental unit of biology, has been debated since 
its inception. This level of classification is vital to our ability to make meaningful 
comparisons across all subdisciplines of biology. Cryptic species, those which are 
indistinguishable from another species using morphology alone, pose a unique problem. 
This is especially true for biological control programs, where the control of an invasive 
pest is achieved through the importation of a natural enemy or parasitoid from the pest’s 
native range. The accidental importation of a cryptic species could have long lasting 
negative environmental effects. Molecular taxonomy provides a solution. A recent large-
scale phylogenetic study of Eadya paropsidis, a potential biological control agent for the 
invasive New Zealand pest Paropsis charybdis, also known as the Eucalyptus tortoise 
beetle, is a perfect model for the integration of molecular taxonomy into biological control 
research. This study not only uncovered a cryptic species, but three additional non-cryptic 
species as well, each of which exhibit varying degrees of host flexibility. Here I formally 
describe three new species of Eadya (E. daenerys, E. spitzer, E. annleckieae) using an 
integrative taxonomic approach, and redescribe the two previously known species of 
Eadya (E. paropsidis and E. falcata). An additional species (E. duncan) from the 
Australian National Insect Collection is described using morphology. The formal 
description of these host flexible species enables investigation on the influence of plant 
phytochemistry on parasitoid niche breadth. Using 112 compounds extracted from 
Eucalyptus leaves, I conclude that host selection is heavily influenced by infochemicals 
from the 1st trophic level. With this evidence, I amend the reliability- detectability 
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hypothesis of Vet and Dick (1992) on infochemical use by natural enemies of herbivores, 
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CHAPTER ONE: INTRODUCTION 
Homo sapiens as a species have a biological and inherent need to classify the 
world around them (Mahon et al. 2009), and the natural world is no exception. Well before 
Carl Linnaeus put forth the idea of using a system of binomial nomenclature, scientists 
have debated over the definition of a species (de Queiroz 2005b; 2007; Dobzhansky 
1982; Mayden 1997; Mayr 1963; 1976; 1996). Other than our unconscious need to define 
and categorize the world around us, why should we care what an organism is named? 
The species is a fundamental level of classification (de Queiroz 2005a; Mayr 1982) which 
is used as a unit of comparison in all subdisciplines of biology. This makes it vital to 
understand what defines a species and to properly identify them within a given system of 
study, as if these units are not immutable, no biologically significant comparisons can be 
made. 
Although important to all facets of biology, accurate identification of species is 
critical in classical biological control given the potential for negative environmental 
impacts. This form of biological control involves the control of an invasive pest through 
the importation of a natural enemy or parasitoid from the pest’s native range (DeBach 
and Rosen 1991). The ensured success of a biological control program, as well as its 
safe implementation, depends on three conditions of the biological control agent 
(hereafter referred to as agent) being met: (1) Similarity between the native environment 
of agent and the introduced environment to ensure survival and reproduction of the agent; 
(2) A close phenological match to the target pest in order to reduce the chance of non-
target impacts and ensure the effectiveness of the control program; and (3) sufficient host 
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specificity to the target pest to reduce the potential of non-target effects (DeBach and 
Rosen 1991; Hajek et al. 2016; Simberloff and Stiling 1996; Van Lenteren et al. 2006; 
Waage and Hassell 1982). To ensure each one of these conditions are met, the natural 
history of the agent must be well known.  
Cryptic species complexes are groups of two or more species that are 
indistinguishable from each other based solely on morphology. These cryptic complexes 
are incredibly problematic for classical biological control programs as the diagnosis of 
new species has historically relied on morphology (Bickford et al. 2007; Mayden 1997) 
and thus, many species within these complexes are undescribed. In classical biological 
control programs, cryptic species complexes may create a situation in which the wrong 
or multiple species may be released into foreign environments with different ecological 
traits that could potentially cause unintended environmental consequences (Hajek et al. 
2016; Zhang et al. 2017). This further highlights the importance of accurate species 
delimitation in classical biological control and in ecological and evolutionary 
understanding of specific organisms. 
Molecular taxonomy provides a solution to the cryptic species conundrum. By 
using molecular markers such as CO1, 28S, and ITS2, many of these complexes have 
been identified (Burns et al. 2008; Hebert et al. 2004; Murray et al. 2008; Smith et al. 
2006; Williams et al. 2006). These studies demonstrate the prevalence of cryptic species 
complexes within insects, and the importance of thoroughly investigating potential 
biological control agents using molecular techniques for evidence of any potential cryptic 
species.  
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Peixoto et al. (2018) is a model for the integration of molecular taxonomy into 
biological control programs. Since its initial invasion of New Zealand in 1916, Paropsis 
charybdis Stål 1860 (Coleoptera: Chrysomelidae: Chrysomelinae) has become a serious 
economic pest of Eucalyptus plantations throughout the nation (White 1973). Several 
attempts at biological control were made since 1930, with each one being unsuccessful 
(Bain and Kay 1989). Efforts have since turned to a new potential biological control agent, 
Eadya paropsidis Huddleston and Short 1978 (Hymenoptera: Braconidae). Native to the 
Australian Capital Territory, New South Wales, Victoria, and Tasmania, Eadya paropsidis 
is a solitary larval endoparasitoid with known host associations to Paropsis atomaria 
Olivier 1807 (synonym P. reticulata) in mainland Australia (Huddleston and Short 1978) 
and Paropsisterna agricola (Rice 2005), Pst. charybdis (Allen, unpublished data), and 
Pst. bimaculata (de Little 1982) in Tasmania. Rearing Eadya paropsidis from Tasmania 
resulted in concerns of a possible cryptic species complex for two reasons: (1) Variation 
in the color of the silk used to spin the cocoon; and (2) noticeable variation in body size 
of adult Eadya paropsidis (Allen, unpublished data). In the description of Eadya 
paropsidis, Huddleston and Short (1978) included a comment stating that eight 
specimens were found in the Australian National Insect Collection that appeared to be 
Eadya paropsidis, however “the occiput is less strongly concave, the propodeum less 
abruptly divided and the insect smaller” and that additional specimens were needed to 
determine if this series of eight represented a new species. Given these concerns, 
Peixoto et al. (2018) conducted a comprehensive phylogenetic study combining 
 4 
molecular and host association data from six years of collections in Tasmania to ensure 
accurate delimitation of any putative cryptic species within Eadya.  
Not only did Peixoto et al. (2018) discover an undescribed cryptic species, Eadya 
daenerys sp. n. (referred to as Eadya n.sp.3), but two new non-cryptic species as well, 
Eadya annleckieae sp. n. and Eadya spitzer sp. n. (Eadya n.sp.1 and n.sp.2, 
respectively). A large CO1 DNA barcode gap (Hebert et al. 2003) was recovered between 
the three new species and Eadya paropsidis with interspecific distances ranging from 
8.7% to 31.2%. No geographic isolation was recovered between the four species and the 
wasps overlapped in host use. All four species were found to be univoltine, attacking the 
spring generation of Paropsis and Paropsisterna and emerging in late December before 
undergoing a ten-month obligate diapause. All species were found to be oligophagous 
(host flexible). Eadya annleckieae and E. daenerys were reared from four different hosts. 
Eadya paropsidis was naturally reared solely from Paropsis tasmanica but reared from P. 
charybdis sentinels (see Peixoto et al. (2018)) and documented on P. atomaria in the 
Australian mainland. These observations beg the question: How could these four 
sympatric species be so genetically distinct, but occupy the same niche spatially and 
temporally? 
One mode of speciation that may be prevalent in parasitoid and host lineages is 
cospeciation, where two closely associated lineages speciate in unison (Page 2003). This 
has been shown to occur in parasitoids with high host specificity, in which one species of 
wasp is associated with a single host species (Cruaud et al. 2012). As a host is required 
for survival and reproduction for parasitoid wasps, there is a direct fitness advantage to 
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choosing and successfully utilizing a host (Charnov and Skinner 1984; Kouamé and 
Mackauer 1991; Wang and Messing 2004). Parasitoid wasps require a physiological 
match to their hosts, particularly for koinobiont endoparasitoids that must survive inside 
their host through larval development and successfully defend against host immune 
responses to parasitization (Strand and Pech 1995; Vinson and Iwantsch 1980). Although 
there are many factors that influence host flexibility, such as competition with other 
parasitoids for limited resources (Price 1971), some hosts may provide a higher fitness 
advantage than others even if survival is possible on all hosts within their range. So how 
do host-flexible parasitoids, those which can utilize multiple different host species, such 
as Eadya, locate their hosts? 
 Host selection is impacted by many factors, the most important of which appearing 
to be chemical cues (infochemicals) from the host or environment (Tumlinson et al. 
1993a; Vet and Dicke 1992; Vinson 1976). Discussed by Vet and Dicke (1992) as the 
reliability-detectability problem, there is a tradeoff between the reliability of an 
infochemical as an indicator of a hosts presence, and its detectability over long distances. 
Host infochemicals are non-volatile and therefore not detectable at a distance, but likely 
play an important role as a reliable indicator for specialist parasitoids, those that 
specialize on a single host species (Vet and Dicke 1992). General plant infochemicals on 
the other hand are volatile and detectible over long distances but are poor indicators of a 
host’s presence. However, herbivore induced plant infochemicals are a solution to the 
reliability-detectability problem. These infochemicals are produced by plants in response 
to herbivore damage, and as such are much more reliable indicators of a host’s presence 
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than general plant infochemicals, and travel much farther then non-volatile host 
infochemicals making them more likely to be detected by parasitoids searching for a host 
(Vet and Dicke 1992). The use of herbivore induced plant infochemicals by parasitoid 
wasps to locate their hosts has been well established, but most studies have either 
focused on specialists which attack one or two host species (Colazza et al. 2004; de 
Moraes et al. 1998; Du et al. 1997; Gols et al. 2011; McCall et al. 1993; Röse et al. 1998; 
Tumlinson et al. 1993b; Xiu et al. 2019), or unrelated host-flexible species (D’Alessandro 
et al. 2009; Ponzio et al. 2016; Röse et al. 1998; Tumlinson et al. 1993a; Turlings et al. 
1990; Wei et al. 2007). Several hypothesis were formulated by Vet and Dicke (1992, Fig. 
3A-D) on how parasitoids utilize infochemicals to locate their hosts in a tritrophic context. 
However, these hypotheses fail to consider direct interactions between the parasitoid and 
plant, approaching the system from a top down perspective in which the host assemblage 
influences the parasitoids, and the plant assemblage in turn influences the host. With this 
in mind, how do infochemicals from the plant impact niche breadth in parasitoids, and do 
closely related host-flexible parasitoids such as Eadya exhibit a differential preference for 
different plant volatile profiles? 
 The overall objective of this thesis is to determine how Eadya paropsidis and the 
three new species delimited in Peixoto et al. (2018) can be so genetically distinct yet 
occupy the same niche sympatrically by testing whether host selection is impacted by 
their leaf-beetle hosts or infochemicals from the Eucalyptus. Before any meaningful 
comparisons can be made using this system the new species of Eadya must be formally 
described using and integrated taxonomic approach consisting of both molecular and 
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morphological data. Eadya paropsidis must also be redescribed to ensure it can be 
accurately diagnosed from Eadya daenerys sp. n. This was accomplished through the 
use of a multivariate ratio analysis. Eadya duncan sp. n., a fourth new species, discovered 
from the Austrailian National Collection having been misidentified as Eadya paropsidis, 
was described using morphological characters. To ensure the accurate identification of 
all new and known species of Eadya, a well-illustrated key is provided. Finally, the 
potential of Eadya as biological control agents is discussed.  
Given the host-flexibility observed within Eadya, it’s expected the host would have 
little impact on niche breadth. To confirm this, two different cophylogenetic analyses are 
performed, one event and the other distance-based, to test for evidence of cospeciation 
between the parasitoids and their hosts. To examine how infochemicals from the plant 
impact host selection in closely related host-flexible parasitoids, multiple principal 
component and Random Forest analyses were performed to examine potential 
differences between the phytochemistry of two different Eucalyptus species, differences 
in undamaged and damaged Eucalyptus globulus leaves, differences in phytochemistry 
of trees for which the four different species of beetle hosts were collected, and the 




CHAPTER TWO: DESCRIPTION OF FOUR NEW SPECIES OF EADYA 
(HYMENOPTERA, BRACONIDAE), PARASITOIDS OF THE 
EUCALYPTUS TORTOISE BEETLE (PAROPSIS CHARYBDIS) AND 
OTHER EUCALYPTUS DEFOLIATING LEAF BEETLES 
This chapter has been published in the Journal of Hymenoptera Research: 
Ridenbaugh RD, Barbeau E,  Sharanowski BJ (2018) Description of four new species of 
Eadya (Hymenoptera: Braconidae), parasitoids of the Eucalyptus Tortoise Beetle 
(Paropsis charybdis) and other Eucalyptus defoliating paropsine beetles. Journal of 
Hymenoptera Research 64: 141-175. doi:10.3897/jhr.64.24282. Copyright of this article 
is retained by the authors. 
Introduction 
 Although native to Australia, the cultivation of production and trade of goods 
derived from Eucalyptus L'Héritier, 1789 (Mrytales: Myrtaceae) is a massive global 
industry. The largest subdivision of this industry is the Eucalyptus oil market (Coppen 
2003). Eucalyptus oil is a coveted aromatic/medicinal product with major producers in 
Australia, Brazil, Chile, China, India, Portugal, Spain, and South Africa (Coppen 2003). 
Between 1991 and 2000, China alone exported 32,244 tons of Eucalyptus oil, valued at 
$108 million USD (Coppen 2003). Eucalyptus is also one of the most important sources 
of commercial cellulose fiber for Asia, the Mediterranean, southern Africa, and South 
America (Paine et al. 2011). In North America, Eucalyptus is most often cultivated for use 
as ornamental plants (Paine et al. 2011), but has also been evaluated in the southern 
United States as a potential source of energy (Gonzalez et al. 2011). 
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 Species of Paropsis Oliver, 1807 and Paropsisterna Motschulsky, 1860 are 
endemic Australian leaf-beetles (Coleoptera: Chrysomelidae: Chrysomelinae) that feed 
upon the leaves and shoots of Eucalyptus. These beetles have been known to cause 
serious damage to Eucalyptus plantations both within (de Little 1989; Nahrung 2004) and 
outside (Lin et al. 2017; Millar et al. 2009) of their native Australian range. Invasive 
paropsine beetles have recently become established in New Zealand (Rogan 2016), 
Ireland (Reid and de Little 2013), California (von Ellenreider 2003), and South Carolina 
(Clemson University Extension 2012). Continued global expansion of the Eucalyptus 
industry will likely result in further incursions of invasive paropsine beetles, necessitating 
an understanding of their native natural enemies that could be utilized in classical 
biological control. The suite of predators and parasitoids that attack paropsine beetles in 
Australia is not well known. Additionally, the taxonomy of the beetles themselves has 
been in flux (Peixoto et al. 2018), with the most recent revision based solely on 
morphological characters (Reid 2006). Further revisions are needed using molecular 
characters to understand the identity and origin of the beetles themselves. 
Larval endoparasitic wasps in the genus Eadya Huddleston & Short, 1978 
(Hymenoptera: Braconidae) have great potential as biocontrol agents for invasive 
paropsines. Classical biological control studies have begun for Eadya from Tasmania to 
control the Eucalyptus Tortoise Beetle, Paropsis charybdis Stål, 1860 (Peixoto et al. 2018; 
Withers et al. 2013; Withers et al. 2012), a defoliating pest of Eucalyptus nitens (Deane 
& Maiden, 1899) plantations. The presence of possible cryptic species of Eadya spurred 
a large-scale molecular phylogenetic study on Tasmanian species of Eadya (Peixoto et 
 10 
al. 2018). This comprehensive study, a collaboration between biocontrol researchers and 
taxonomists, utilized a combination of molecular and host data taken from multiple 
locations over six years to reveal three new species of Eadya (Eadya annleckieae 
Ridenbaugh, sp. n., Eadya daenerys Ridenbaugh, sp. n., Eadya spitzer Ridenbaugh, sp. 
n.). Eadya daenerys sp. n. (referred to as Eadya sp.3 in Peixoto et al. 2018), is now the 
focus for importation into New Zealand to control P. charybdis. 
In this paper, we formally describe these three new species discovered from 
Peixoto et al. (2018) using all available data, including newly collected morphological 
data. Eadya paropsidis and E. daenerys sp. n. are the two cryptic species that spurred 
the molecular phylogenetic paper of Peixoto et al. (2018). We redescribe E. paropsidis 
and use a multivariate ratio analysis to ensure these species can be accurately 
diagnosed. A fourth new species, E. duncan sp. n. was discovered from the Australian 
National Insect Collection (ANIC) and is also described using morphology. All known host 
records for all species of Eadya are listed so these records are available in the event of 
further paropsine introductions around the world. Furthermore, a well-illustrated key to E. 
paropsidis and all new and known species is provided to facilitate identification by applied 
researchers along with a discussion of the potential for species of Eadya as biological 
control agents. Finally, based on morphology, we suggest that Eadya belongs within 
Euphorinae, as originally placed by Huddleston and Short (1978) and not Helconinae as 
recovered in a one gene molecular analysis (Belshaw and Quicke, 2002).  
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Materials and Methods 
We utilized material collected from Peixoto et al. (2018), and additional museum 
specimens. Type specimens were deposited in the following institutions: the Australian 
National Insect Collection (ANIC), the American Entomological Institute (A.E.I.), and the 
University of Central Florida Collection of Arthropods (UCFC). All material examined and 
locations of deposition are listed in Table 1. Depositions of holotypes and paratypes are 
also listed in the descriptions, in brackets, under Type material. Terminology for 
morphology follows that of Sharkey and Wharton (1997) and the Hymenoptera Anatomy 
Ontology project (Yoder et al. 2010), while terminology for sculpture follows that of Harris 
(1979).   
 A molecular diagnostic key was created using the barcoding region (Hebert et al. 
2003) of Cytochrome c oxidase subunit 1 (COI) sequences obtained from Peixoto et al. 
(2018) under GenBank accession numbers KX99052 - KX990220, and MH107809 - 
MH107817. Sequences were translated and hand aligned in Bioedit v.7.1.3 (Hall 1999). 
As there were no indels in the sequence, alignment was achieved using the reading frame 
as a guide. Diagnostic molecular characters are listed with reference to their amino acid 
position on the complete COI reference gene of Apis mellifera mellifera Linnaeus, 1758 
(GenBank ref AHY80993.1). Positions are listed in parenthesis followed by the 
corresponding diagnostic molecular characters. Species that are polymorphic at these 
codon sites have all observed amino acids for a given position listed in brackets. 
 Photographs were taken using a Canon 7D Mark II with the following lenses: MP-
E 65mm 1-5x Canon macro lens, and a M Plan Apo 10x Mitutoyo objective mounted onto 
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the EF Telephoto 70-200mm Canon zoom lens. For lighting, the MT-24EX Macro Twin 
Lite Canon Flash was used in conjunction with a custom made diffuser. Multiple images 
were taken of each specimen and compiled into a single image using Zerene Stacker 
1.04 (Zerene Systems LLC.). Scale bars were added using ImageJ 1.51 (Schneider et al. 
2012). Images were edited using Adobe Photoshop Creative Cloud and Adobe Lightroom 
Creative Cloud (Adobe Systems Inc.). Figures were prepared using Adobe Illustrator 
Creative Cloud (Adobe Systems Inc.). 
Of the four species supported by the molecular data presented in Peixoto et al. 
(2018), E. paropsidis and E. daenerys sp. n. were examined using a morphometric 
multivariate ratio analysis due to their cryptic morphology. For this study, species were 
grouped based on molecular operational taxonomic units (MOTUs) in accordance with 
the results of Peixoto et al. (2018). To test the validity of the MOTUs, a series of shape 
principal component analyses (PCAs) were performed to determine if variation was due 
to shape or allometric in nature. A shape PCA analysis was chosen to avoid bias towards 
one group or another, as an assignment to species was not required (László et al. 2013). 
A series of 20 female specimens, eight E. paropsidis and 16 E. daenerys sp. n. were 
selected based upon the number of female specimens available and the condition of 
those specimens (Table 1). Female specimens were used exclusively as most type 
specimens are female, and to eliminate any variation that may be attributed to sexual 
dimorphism. 
The characters evaluated in this study were as follows: Lateral ocellar line (LOL), 
ocular ocellar line (OOL), posterior ocellar line (POL), occipital ocellar line (oci.l), genal 
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space (gsp.l), malar space (mlr.l), head breadth (hea.b), and metasomal tergite 1 breadth 
(mt1.b). The definition of these characters and how they were measured can be found in 
Table 2 and are depicted in Fig. 16. For application of the PCA ratio spectrum, characters 
furthest from each other show the most variation and are ideal for diagnosing species, 
whereas those closest together account for very little variation and should be avoided 
(Baur and Leuenberger 2011; László et al. 2013). The allometry ratio spectrum can be 
applied in a similar manner, with characters closer together being favored as they are 
less allometric (Baur and Leuenberger 2011; László et al. 2013). Character 
measurements were recorded as the average of three measurements taken using a Nikon 
SNZ18 stereomicroscope with an ocular micrometer. The morphometrical analysis (Baur 
and Leuenberger 2011) was applied in R (R Core Team 2016) as outlined in Baur et al. 
(2014) using code modified by Zhang et al. (2017). The data and R script files for this 
analysis can be obtained from figshare (https://figshare.com, DOI: 
10.6084/m9.figshare.6022259). 
The host, Paropsisterna variicollis* (Chapuis, 1877) is listed with an asterisk within 
descriptions due to the uncertainty surrounding the taxonomic validity of this species with 
respect to Pst. obovata (Chapuis, 1877) and Pst. cloelia (Stål, 1860). For a detailed 




Separating most species of Eadya was relatively straightforward using 
morphological characters (see Key to Species of Eadya below). However, E. paropsidis 
and E. daenerys sp. n. presented only size differences morphologically, with the latter 
species being smaller, even though they were well supported phylogenetic species based 
on molecular data (Peixoto et al. 2018). To examine if there were any usable 
morphological characters to discriminate these species, we performed a multivariate ratio 
analysis. The first and second shape PC were the only ones that were informative, 
accounting for 83.9% of the variation observed (Fig. 1A). From these two shape PCAs 
separation of the species was recovered from the first principal component, but not the 
second. Isometric size, defined by Baur and Leuenberger (2011) as the geometric mean 
of all body measurements, was plotted against the first principal component (Fig. 1B). A 
correlation between shape and size was observed, indicating that the differences in 
measured ratios between the two species are due to size and not shape (Fig. 1B).  
 A PCA and allometry ratio spectrum were generated to determine which characters 
were the best for delimiting the two cryptic species. The most discerning ratios according 
to the first principal component were LOL:mlr.l, LOL:mt1.b, and LOL:gsp.l (Fig. 1C). 
According to the allometry ratio spectrum, the ratios LOL:gsp.l, LOL:mlr.l, and LOL:mt1.b 
were the most allometric between the two groups (Fig. 1D). As the characters 
corresponding to the separation of these species were also the characters displaying the 
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greatest degree of allometric variation, the variation between these species is due 
primarily to differences in size and not shape (László et al. 2013). 
When applied to E. paropsidis and E. daenerys sp. n., the morphometrical analysis 
only supported one species, contrasting with the results of Peixoto et al. (2018). These 
results indicate that the two species are truly cryptic, as the molecular and ecological data 
strongly supported the separation of these two species (Peixoto et al. 2018). With this in 
mind, the four new species of Eadya are formally described using morphological and 
molecular characters, while purposely avoiding ratios to account for the allometric 
variation observed between E. paropsidis and E. daenerys sp. n. 
Taxonomic Descriptions 
Eadya can be recognized from other braconid genera by the following combination 
of characteristics: head large, subcubic and as wide as thorax, clypeus flat, labrum flat, 
interantennal carina present; forewing with r-m crossvein present, 3RSb curved and 
meeting R1a before apex of wing, and 2cu-a absent; metasoma petiolate. 
Eadya annleckieae Ridenbaugh, 2018 sp. n. (Figs. 2A-C; 3A-E). 
 Diagnosis. Eadya annleckieae sp. n. can be distinguished from all other members 
of Eadya by the following combination of characters: Clypeus flanged across ventral 
margin, without medial tubercles (Fig. 3A); frons with weak inter-antennal carinae and 
lateral carina with a faint elevated ridge wrapping around the antennal socket (Figs. 3A, 
B); occipital carina simple (Fig. 3B); occiput normal; notaulus wide and rugulose (Fig. 3C); 
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scutellar sulcus divided into two distinct foveae with rugulose sculpturing along the 
posterior margins (Fig. 3C); sternaulus rugulose (Fig. 3D); propodeum rounded in 
appearance from lateral angle, without transverse carinae (Fig. 3E), and not creating a 
distinct posterior face when viewed laterally; propodeal spiracle circular; head black 
except for mandible orange with base black and apex ferruginous, maxillary and labial 
palp orange (Figs. 2A; 3A), antenna dark brown (Figs. 3C); pronotum black (Figs. 2B; 
3B); propleuron black (Fig. 3D); hindwing hyaline with dark brown veins (Fig. 2C); legs 
orange except for hind tibia dark orange with apex black (Fig. 2A); amino acid sequence 
(112-118) LRRLTNI (Fig. 15). 
 Description. Female. Body length 6.46mm. Ovipositor length 1.72mm. 
  Color. Head black except for mandible orange with base black and apex 
ferruginous, maxillary and labial palp orange, and antenna dark brown (Figs. 2A; 3A, C); 
prothorax black (Fig. 2A); mesoscutum black (Fig. 2B); mesopleuron black with the dorsal 
posterior margin orange (Fig. 3D); scutellum black except for the posterior margin directly 
behind the scutellar sulcus orange (Fig. 2B); sternum black; metathorax orange (Fig. 2A); 
forewing and hindwing hyaline with dark brown veins (Fig. 2C); legs orange except for 
hind tibia dark orange with apex black (Figs. 2A, B); abdomen orange except for ovipositor 
sheath brown (Figs. 2A, B).  
  Head. Clypeus simple, punctate and pubescent, flanged across ventral 
margin, without medial tubercles (Fig. 3A); mandibles overlapping, dorsal and ventral 
teeth of equal length (Fig. 3A); face densely punctate, pubescent (Fig. 3A); frons 
rugulose, with a weak inter-antennal carinae and with lateral carinae with a faint elevated 
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ridge wrapping around the antennal socket (Fig. 3A, B); vertex punctate and pubescent 
(Fig. 3B); occipital carina simple (Fig. 3B), reaching the hypostomal carina; hypostomal 
carina simple, not strongly flanged, meeting the mandible at the mandibular condyle; 
occiput smooth, normal.  
  Mesosoma. Pronotum exposed in dorsal view, pronope and subpronobe 
present, covered in rugulose sculpturing (Figs. 3C, D); mesoscutum with posterior half of 
median mesonotal lobe rugulose, a distinct longitudinal carinae extending from the 
posterior margin to about the middle of the lobe (Figs. 2B; 3C); notaulus wide and 
rugulose (Figs. 2B; 3C); scutellar sulcus divided into two distinct foveae with rugulose 
sculpturing along the posterior margins (Figs. 2B; 3E); sternaulus rugulose (Fig. 3D); 
propodeum rugose, covered in setae but not pubescent, rounded in appearance from 
lateral angle, without transverse carina and not creating a distinct posterior face when 
viewed laterally (Figs. 2A; 3D, E); propodeal spiracle circular; coxa, trochanter, 
trochantellus, and femur covered in setae, tibia and tarsus pubescent (Figs. 2A, B); tarsal 
claws simple. 
  Forewing. r-m sinuous (Fig. 2C).  
  Hindwing. R1a with three hamuli. 
  Metasoma. Metasomal tergite 1 petiolate, spiracle protruding as a tubercle 
at about the middle of the segment, dorsal surface smooth, lateral surface punctate with 
associated setae; ovipositor straight (Fig. 2A). 
 Male. Same as female.   
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 Host. Paropsisterna nobilitata (Erichson, 1842), Paropsisterna variicollis* , 
Paropsisterna selmani Reid & de Little, 2013, Paropsis charybdis.  
 Variations. Paratype with propleuron black except for lateral posterior margin 
orange; mesoscutum orange except for the median mesonotal lobe black with the anterior 
margin and lateral mesonotal lobes ferrunginous (Fig. 3C); mesopleuron orange except 
for the sternaulus and ventral margins black; scutellum orange (Figs. 3C, E); legs orange 
except for apex of hind tibia black and hind tarsus with tarsomere 1 yellow and white at 
apex, tarsomeres 2-4 white, and tarsomere 5 yellow; abdomen orange except for lateral 
margins of metasomal sternites 3-6 brown, the second and third to last metasomal 
tergites with two light brown spots near the anterior margin. Some of this variation may 
be the result of the DNA extraction process. 
 Diagnostic molecular characters. Amino acid positions (22-27) MWAGIL; (32-34) 
SII; (41-46) SRGSLL; (54) R; (67-73) MVMPVIM; (81) I; (90) I; (95-98) MNNM; (104-109) 
LPSLFI; (112-118) LRRLTNI; (126) I; (133-139) GGRHSGV; (143-144) VA; (150) I; (157) 
[I or K]; (167-169) FNM; (172-191) NGIAVDRVTLFRWSVKITAF (Fig. 13). 
 Distribution. Tasmania. 
 Etymology. This species is named in honor of the science fiction author, Ann 
Leckie by the second author (EB).  
 Remarks. This species is referred to as Eadya sp.1 in Peixoto et al. (2018). The 
UCFC paratype is in poor shape due to the DNA extraction process. The flange of the 
inter-antennal carinae is difficult to see in the images (Fig. 3A, B), but is clear when 
viewing the specimens, provided the antennae are separated enough. 
 19 
 Type material. Holotype, Female (ANIC), “Ellendale, TAS, Female, 21a, 10 Dec 
2014, D. Satchell”. Paratype, Female (ANIC), “Moina, TAS, S41° 29.5’ E152° 04.7’, 
Paropsis charybdis sentinel, Emerged 2 Jan 2013, G.R. Allen, E127”, “DNA voucher 
BJS196”, GenBank accession numbers KX031361, KX99032, and KX990052. Paratype, 
Male (UCFC), “The Lea, TAS, #12, Eadya paropsidis cocoon (brown). Emerged from Pst. 
variicollis*, 4 Dec 2014, UCFC 0 567 827”, “DNA voucher BJS501”, GenBank accession 
number KX990216. 
Eadya daenerys Ridenbaugh, 2018 sp. n. (Figs. 4A-C; 5A-F).  
 Diagnosis. Eadya daenerys sp. n. can be distinguished from all other members of 
Eadya by the following combination of characters: Clypeus flanged along ventral margin, 
with two medial tubercles projecting outward (Fig. 5A); frons with inter-antennal and 
lateral carinae flanged (Fig 5B); occipital carina simple (Fig. 5B); occiput normal; notaulus 
crenulate (Fig. 5C); scutellar sulcus divided into many deep pits by longitudinal carinae 
(Fig. 5C); sternaulus crenulate (Fig. 5D); propodeum rounded in appearance from lateral 
angle (Figs 4A; 5D), without transverse carina (Figs. 5E, F), and not creating a distinct 
posterior face when viewed laterally; propodeal spiracle circular; head orange except for 
antenna, apex of mandible, and ocellar triangle black (Figs. 5A, B); pronotum black except 
for anterior dorsal margin orange (Figs. 4A, 5B); propleuron orange; hindwing infuscate 
with dark brown veins except for anal, basal, subbasal, and anterior half of discal cells 
hyaline (Fig. 4C); legs black (Figs. 4A, B); amino acid sequence (112-118) IRNFIGA (Fig. 
15). 
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 Description. Female. Body Length 5.77mm. Ovipositor Length 0.82mm.  
  Color. Head orange except for antenna, apex of mandible, and ocellar 
triangle black (Figs. 4A, B; 5A, B); pronotum black except for anterior dorsal margin 
orange (Figs. 4A, 5B); propleuron orange; mesothorax black (Figs. 4A, B; 5C, D); 
metathorax black (Figs. 4A, B; 5E, F); forewing infuscate with dark brown veins except 
for anal, basal, and subbasal cells hyaline (Fig. 4C); hindwing infuscate with dark brown 
veins except for anal, basal, subbasal, and anterior half of discal cells hyaline (Fig. 4C); 
legs black (Figs. 4A, B); abdomen black except ovipositor orange (Fig. 4A). 
  Head. Clypeus simple, smooth with scattered setae, flanged at ventral 
margin, with two medial tubercles projecting outward (Fig. 5A); mandibles overlapping, 
dorsal tooth longer than ventral (Fig. 5A); face finely punctate with associated setae (Fig. 
5A); frons rugose, inter-antennal and lateral carinae flanged, starting at the toruli and 
reaching the ocellar triangle (Figs. 5A, B); vertex smooth with scattered setae (Fig. 5B); 
occipital carina simple (See arrow, Fig. 5B), reaching the hypostomal carina; hypostomal 
carina strongly flanged, reaching the mandible and bending around to the mandibular 
condyle; occiput smooth, normal (Fig. 5B). 
  Mesosoma. Pronotum exposed in dorsal view, pronope and subpronope 
absent, smooth except for a crenulate line extending laterally and rugulose sculpturing 
along the lateral posterior margin (Fig. 5B); mesoscutum with median mesonotal lobe 
smooth (Fig. 5C); notaulus crenulate (Fig. 5C); scutellar sulcus divided into many deep 
pits by ridge like longitudinal carinae (Fig. 5C); sternaulus crenulate (Fig. 5D); propodeum 
rugose and pubescent, rounded in appearance from lateral angle, without transverse 
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carina and not creating a distinct posterior face when viewed laterally (Figs. 4A; 5D, E, 
F); propodeal spiracle circular; coxa, trochanter, trochantellus, and femur covered in 
setae, tibia and tarsus pubescent (Figs. 4A, B); tarsal claws simple.   
  Forewing. r-m curved slightly towards stigma before reaching the junction 
of 3RSa and 3RSb (Fig. 4C). 
  Hindwing. R1a with three hamuli. 
  Metasoma. Metasomal tergite 1 petiolate, spiracle protruding as a tubercle 
at about the middle of the segment, dorsal and lateral surface punctate with associated 
setae (Fig. 5E); ovipositor straight (Fig. 4A). 
 Male. Same as female.   
 Host. Paropsisterna agricola (Chapuis, 1877), Paropsisterna bimaculata (Olivier, 
1807), Paropsisterna nobiliata, Paropsis charybdis. 
 Diagnostic molecular characters. Amino acid positions (22-27) [M or R]WSGII; (32-
34) RVL; (41-46) ILGRLL; (54) S; (67-73) IVIPIII; (81) I; (90) I; (95-98) INNI; (104-109) 
PPSL[I or V]L; (112-118) IRNFIGA; (126) I; (133-139) NLSHRGV; (143-144) [V or I]S; 
(150) L; (157) I; (167-169) INI; (172-191) LGLSYDNISLLVWSVNITAI (Fig. 15).  
 Distribution. Australian Capital Territory, New South Wales, Tasmania.  
 Etymology. This species is named for Daenerys Stormborn of House Targaryen, 
the First of Her Name, Queen of the Andals and the First Men, Protector of the Seven 
Kingdoms, the Mother of Dragons, Khaleesi of the Great Grass Sea, the Unburnt, the 
Breaker of Chains, from the literary series A Song of Ice and Fire by George R.R. Martin, 
as well as the television series Game of Thrones on Home Box Office (HBO). This is a 
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noun in apposition to the generic name in order to retain integrity of the fictional character 
name Daenerys.    
 Remarks. This species is referred to as Eadya sp.3 in Peixoto et al. (2018).  
  Type material. Holotype, Female (ANIC), “Frankford, TAS, Female, 3 Dec 2001, 
A.D. Rice, NT#5, Pin#8”. Paratype, Female (ANIC), “The Creel, Kosciusko, NSW, 8 Nov 
1961, E.F. Riek, A35, Aust. Nat. Ins. Coll.”. Paratype, Female (ANIC), “Canberra, ACT, 
19 Nov 1958, E.F. Riek, A34, Aust. Nat. Ins. Coll.”. Paratype, Female (ANIC), “Canberra, 
ACT, 26 Nov 1959, E.F. Riek, Aust. Nat. Ins. Coll.”. Paratype, Female (ANIC), “Canberra, 
ACT, 26 Nov 1959, E.F. Riek, Aust. Nat. Ins. Coll.”. Paratype, Male (ANIC), “Canberra, 
ACT, 30 Nov 1959, E.F. Riek, Aust. Nat. Ins. Coll.”. Paratype, Female (ANIC), “Canberra, 
ACT, 18 Nov 1960, E.F. Riek, Aust. Nat. Ins. Coll.”. Paratype, Male (ANIC), “Canberra, 
ACT, 24 Nov 1960, E.F. Riek, A35, Aust. Nat. Ins. Coll.”. Paratype, Female (ANIC), Black 
Mt., F.C.T, 10 XI 30, W. Broce, Aust. Nat. Ins. Coll.”. Paratype, Female (UCFC), 
“Frankford, TAS, 2 Jan 2002, Malaise Trap, A.D. Rice, MT6, UCFC 0 567 735”. Paratype, 
Female (UCFC), “Frankford, TAS, Female, 19 Nov 2001, A.D. Rice, NT#5, Pin #5, UCFC 
0 567 736”. Paratype, Female (UCFC), “Frankford, TAS, Female, 3 Dec 2001, A.D. Rice, 
NT#5, Pin #9, UCFC 0 567 737”. Paratype, Female (UCFC), “Frankford, TAS, Female, 3 
Dec 2001, A.D. Rice, NT#5, Pin #10, UCFC 0 567 738”. Paratype, Female (UCFC), 
“Frankford, TAS, Female, 19 Nov 2001, A.D. Rice NT#5, Pin #7, UCFC 0 567 741”. 
Paratype. Female (A.E.I.). “King William Range, I. 8-23, Tasmania, A.E.I. Sep/05”. 
Paratype, Male (A.E.I.), “Runnymede,TAS, 24 Nov 2015, 42 38' 13.3"S 147 33' 53.8"E, 
Malaise trap, G.R. Allen, Male, MTM2”. Paratype, Male (A.E.I.), “Ellendale, TAS, Male, 
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14 Dec 2015, D. Satchell, EM2”. Paratype, Male (A.E.I.), “Runnymede, TAS, 24 Nov 
2015, 42 38' 13.3"S 147 33' 53.8"E, Malaise trap G.R. Allen, Male, MTM1”. Paratype, 
Female (A.E.I.), “Frankford, TAS, Female, 27 Nov 2000, A.D. Rice, Em Trap #1, Pin #3”. 
 Non-type material. See supplemental table 1. 
Eadya duncan Ridenbaugh, 2018 sp. n. (Fig. 6A-C, Fig. 7A-E) 
 Diagnosis. Eadya duncan sp. n. can be distinguished from all other members of 
Eadya by the following combination of characters: Clypeus flanged at ventral margin, with 
two medial tubercles projecting outward (Fig. 7A); frons with inter-antennal and lateral 
carina strongly flanged (Fig. 7B); occipital carina simple (Fig. 7B); occiput concave; 
notaulus narrow and impressed towards anterior margins of mesoscutum, crenulate at 
apex (Fig. 7C); scutellar sulcus divided into two distinct foveae with short longitudinal 
carinae ending before reaching anterior margin (Fig. 7C); propodeum not rounded in 
appearance from lateral angle (Fig. 6A), with transverse carina creating a distinct 
posterior face when viewed laterally; propodeal spiracle elliptical; head orange except for 
antenna, apex of mandible, and ocellar triangle black (Fig. 7A, B); prothorax orange (Figs. 
6A, 7C); hindwing infuscate with dark brown veins except for anal, basal, subbasal, and 
anterior half of discal cells hyaline (Fig. 6C); legs black except for fore coxa and trochanter 
orange, fore femur dark orange (Fig 6A). 
 Description. Male. Body length 6.37mm.  
  Color. Head orange except for antenna, apex of mandible, and ocellar 
triangle black (Figs. 6A, B; 7A, B); prothorax orange (Figs. 6A, B; 7B); mesothorax orange 
 24 
(Figs. 6A, B; 7B, C); propodeum black except for medial posterior margin at the insertion 
of metasomal tergite 1 orange (Figs. 6A, B; 7B); metapleuron black; forewing infuscate 
with dark brown veins except for anal, basal, and subbasal cells hyaline (Fig. 6C); 
hindwing infuscate with dark brown veins except for anal, basal, subbasal, and anterior 
half of discal cells hyaline (Fig. 6C); legs black except for fore coxa and trochanter orange, 
fore femur dark orange; abdomen black (Figs. 6A, B).  
  Head. Clypeus simple, smooth with scattered setae, flanged at ventral 
margin, with two medial tubercles projecting outward (Fig. 7A); mandibles overlapping, 
dorsal tooth longer than ventral (Fig. 7A); face finely punctate with associated setae (Fig. 
7A); frons rugulose, inter-antennal and lateral carina strongly flanged, starting at the toruli 
and reaching the ocellar triangle (Fig. 7A, B); vertex smooth with scattered setae (Fig. 
7B); occipital carina simple, reaching hypostomal carina (Fig. 7B); hypostomal carina 
strongly flanged, meeting the mandible and bending around to the mandibular condyle; 
occiput smooth, normal. 
  Mesosoma. Pronotum exposed in dorsal view, pronope and subpronope 
absent, smooth except for a faint crenulate line extending laterally and rugulose 
sculpturing along the lateral posterior margin (Fig. 7B); mesoscutum with median 
mesonotal lobe smooth (Fig. 7C); notaulus impressed towards anterior margins of 
mesoscutum, crenulate at apex (Fig. 7C); scutellar sulcus divided into two distinct foveae 
with short longitudinal carinae ending before reaching anterior margin (Fig. 7C); 
sternaulus crenulate (Fig. 7D); propodeum rugose and pubescent, not rounded in 
appearance from lateral angle, with transverse carina creating a distinct posterior face 
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(Figs. 6A); propodeal spiracle elliptical; coxa, trochanter, trochantellus, and femur 
covered in setae, tibia and tarsus pubescent (Figs. 6A, B); tarsal claws simple.      
  Forewing. r-m curved slightly towards stigma before reaching the junction 
of 3RSa and 3RSb (Fig. 6C). 
  Hindwing. R1a with three hamuli.  
  Metasoma. Metasomal tergite 1 petiolate, spiracle protruding as a tubercle 
at about the middle of the segment, dorsal and lateral surface punctate with associated 
setae (Fig. 7E); ovipositor straight. 
 Female. Unknown.   
 Host. Unknown. 
 Distribution. New South Wales, Victoria (see discussion).  
 Etymology. This epithet is named in honor of the senior author’s (BJS) sister in 
law, Julie Brant nee Duncan, who is an Australian-born beauty. This is a noun in 
apposition to the generic name in order to retain integrity of the surname Duncan.   
 Remarks. The holotype for this species was identified as a species of Eadya by 
Huddleston in 1977 and deposited at ANIC, but was not listed as material examined in 
the original description of Eadya. The flange of the inter-antennal carinae is difficult to see 
in the images (Fig. 7A, B), but is clear when viewing the specimen, provided the antennae 
are separated enough. 
 Type material. Holotype, Male (ANIC), “Upper Kangaroo Valley, NSW, 24 Nov 
1960, E.F. Riek, A44, Aust. Nat. Ins. Coll.”. 
 26 
Eadya falcata Huddleston & Short, 1978. (Figs. 8A-C; 9A-E). 
 Diagnosis. Eadya falcata can be distinguished from all other members of Eadya 
by the following combination of characters: Clypeus flanged at ventral margin, with two 
medial tubercles projecting outward (Fig. 9A); frons with inter-antennal and lateral carina 
flanged (Figs. 9A, B); occipital carinae simple (Fig. 9B); occiput normal (Fig. 9B); notaulus 
impressed towards anterior margin of mesoscutum, crenulate at apex (Fig. 9C); scutellar 
sulcus divided into two distinct foveae with short longitudinal carina ending before 
reaching anterior margin (Figs. 9C, E); sternaulus crenulate (Fig. 9D); propodeum 
rounded in appearance from lateral angle, without transverse carina, and not creating a 
distinct posterior face when viewed laterally (Fig. 8A); propodeal spiracle elliptical; head 
orange except for antenna, apex of mandible, and ocellar triangle black (Figs. 9A, B); 
pronotum orange expect for lateral posterior margins black (Figs. 8A; 9B, C); propleuron 
orange; hindwing infuscate with dark brown veins except for anal, basal, discal, and 
subbasal cells hyaline (Fig. 8C); legs black except for foreleg orange with femur, tibia, 
and tarsus black (Figs. 8A, B).  
 Description. Female. Body Length 5.26mm. Ovipositor Length 1.80mm. 
  Color. Head orange except for antenna, apex of mandible, and ocellar 
triangle black; pronotum orange expect for lateral posterior margins black (Figs. 9A, B); 
propleuron orange; mesothorax black (Figs. 8A, B; 9C, D); metathorax black (Figs. 8A, 
B; 9D, E); forewing infuscate with dark brown veins except for anal, basal, and subbasal 
cells hyaline (Fig. 8C); hindwing infuscate with dark brown veins except for anal, basal, 
discal, and subbasal cells hyaline (Fig. 8C); legs black except for foreleg orange with 
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femur, tibia, and tarsus black (Fig. 8A, B); abdomen black except for ovipositor orange 
(Fig. 8A). 
  Head. Clypeus simple, smooth with scattered setae, flanged at ventral 
margin, with two medial tubercles projecting outward (Fig. 9A); mandibles overlapping, 
dorsal tooth longer than ventral (Fig. 9A); face finely punctate with associated setae (Fig. 
9A); frons smooth, inter-antennal and lateral carina flanged, starting at the toruli and 
reaching the ocellar triangle (Fig. 9A, B); vertex smooth with scattered setae (Fig. 9B); 
occipital carina simple, reaching hypostomal carina (Fig. 9B); hypostomal carina strongly 
flanged, meeting the mandible and bending around to the mandibular condyle; occiput 
smooth, normal.  
  Mesosoma. Pronotum exposed in dorsal view, pronope and subpronope 
absent, smooth (Fig. 9B); mesoscutum with median mesonotal lobe smooth (Fig. 9C); 
notaulus impressed towards anterior margin of mesoscutum, crenulate at apex (Fig. 9C); 
scutellar sulcus divided into two distinct foveae with short longitudinal carinae ending 
before reaching anterior margin (Fig. 9C, E); sternaulus crenulate (Fig. 9D); propodeum 
rugose and pubescent (Fig. 9E), rounded in appearance from lateral angle (Fig. 8A), 
without transverse carinae and not creating a distinct posterior face when viewed laterally; 
propodeal spiracle elliptical; coxa, trochanter, trochantellus, and femur covered in setae, 
tibia and tarsus pubescent; tarsal claws simple (Fig. 8A, B).  
  Forewing. r-m curved slightly towards stigma before reaching the junction 
of 3Rsa and 3RSb.  
  Hindwing. R1a with three hamuli.  
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  Metasoma. Metasomal tergite 1 petiolate, spiracle protruding as a tubercle 
at about the middle of the segment, dorsal and lateral surface punctate with associated 
setae; ovipositor curved downward (Fig. 8A).  
 Male. Same as female.  
 Host. Unknown.  
 Variations. Paratype with foreleg coxa orange and trochanter, trochantellus, femur, 
tibia, and tarsus black. 
 Distribution. Western Australia. 
 Remarks. The crenulation at the apex of the notaulus is difficult to see in the 
holotype due to damage caused by pinning (Fig. 9C). However, this character is much 
better preserved in the paratype.  
 Type material examined. Holotype, Female (ANIC), “18 miles W. of Mogumber, 
WA. 13 April 1968, I.F.B Common & M.S. Upton, 039, Eadya falcata, Female, Holotype, 
det. T.Huddleston, 1977, Aust. Nat. Ins. Coll.”. Paratype, Male (ANIC), “18 miles W. of 
Mogumber, WA. 13 April 1968, I.F.B Common & M.S. Upton, Eadya falcata, Male, 
Paratype, det. T.Huddleston, 1977, Aust. Nat. Ins. Coll.”. 
Eadya paropsidis Huddleston & Short, 1978. (Figs. 10A-C; 11A-F). 
 Diagnosis. Eadya paropsidis can be distinguished from all other members of 
Eadya by the following combination of characters: Clypeus flanged at ventral margin, with 
two medial tubercles projecting outward (Fig. 11A); frons with inter-antennal and lateral 
carina strongly flanged (Fig. 11B); occipital carina emarginate (Fig. 11B); occiput strongly 
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concave; notaulus crenulate (Fig. 11C); scutellar sulcus divided into many deep pits by 
ridge like longitudinal carinae (Fig. 11C); sternaulus crenulate (Fig. 11D); propodeum not 
rounded in appearance from lateral angle (Figs. 10A), with transverse carina creating a 
distinct posterior face (Figs. 11E, F) when viewed laterally; propodeal spiracle circular; 
head orange except for antenna, apex of mandible, and ocellar triangle black (Fig. 11A, 
B); pronotum orange except for lateral posterior margins black (Figs. 10A, 11B); 
propleuron orange; hindwing infuscate with dark brown veins except for anal, basal, 
subbasal, and anterior half of discal cells hyaline (Fig. 10C); legs black except for foreleg 
orange with tibia dark orange medially and anterior and posterior apices brown, tarsi black 
(Fig. 10A); amino acid sequence (112-118) TRNFIGI (Fig. 15). 
 Description. Female. Body Length 6.29mm. Ovipositor Length 1.08mm. 
  Color. Head orange except for antenna, apex of mandible, and ocellar 
triangle black (Figs. 10A, B; 11A, B); pronotum orange except for lateral posterior margins 
black (Figs. 10A, B; 11A, B); propleuron orange; mesothorax black (Figs. 10A, B; 11C, 
D); metathorax black (Figs. 10A, B; 11D, E, F); forewing infuscate with dark brown veins 
except for anal, basal, and subbasal cells hyaline (Fig. 10C); hindwing infuscate with dark 
brown veins except for anal, basal, subbasal, and anterior half of discal cells hyaline (Fig. 
10C); legs black except for foreleg orange with tibia dark orange medially and anterior 
and posterior apices brown, tarsi black (Figs. 10A, B); abdomen black except for 
ovipositor orange (Figs. 10A, B).     
  Head. Clypeus simple, smooth with scattered setae, flanged at ventral 
margin, with two medial tubercles projecting outward (Fig. 11A); mandibles overlapping, 
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dorsal and ventral teeth of equal length (Fig. 11A); face finely punctate with associated 
setae (Fig. 11A); frons rugulose, inter-antennal and lateral carina strongly flanged, 
starting at the toruli and reaching the ocellar triangle (Figs. 11A, B); vertex smooth with 
scattered setae (Fig. 11B); occipital carinae emarginate (See arrow, Fig. 11B), reaching 
hypostomal carina; hypostomal carina strongly flanged, meeting the mandible and 
bending around to the mandibular condyle; occiput smooth, strongly concave (Fig. 11B, 
see arrow).  
  Mesosoma. Pronotum exposed in dorsal view, pronope and subpronope 
absent, smooth except for a faint crenulate line extending laterally and rugulose 
sculpturing along the lateral posterior margin (Figs. 11B, C); mesoscutum with rugulose 
sculpturing along the posterior margin of median mesonotal lobe (Fig. 11C); notaulus 
crenulate (Fig. 11C); scutellar sulcus divided into many deep pits by ridge like longitudinal 
carinae (Fig. 11C); sternaulus crenulate (Fig. 11D); propodeum rugose and pubescent, 
not rounded in appearance from lateral angle, with transverse carina (see arrows, Fig. 
11F) creating a distinct posterior face when viewed laterally (Figs. 10A; 11E, F); 
propodeal spiracle circular; coxa, trochanter, trochantellus, and femur covered in setae, 
tibia and tarsus pubescent (Figs. 10A, B); tarsal claws simple.  
  Forewing. r-m curved slightly towards stigma before reaching the junction 
of 3RSa and 3RSb (Fig. 10C). 
  Hindwing. R1a with three hamuli.  
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  Metasoma. Metasomal tergite 1 petiolate, spiracle protruding as a tubercle 
at about the middle of the segment, dorsal and lateral surface punctate with associated 
setae (Fig. 9E); ovipositor straight.  
 Male. Same as female.   
 Host. Paropsis atomaria Olivier, 1807, Paropsis tasmanica Baly, 1866, Paropsis 
charybdis. 
 Diagnostic molecular characters. (22-27) MWSGII; (32-34) SVL; (41-46) ILGRLI; 
(54) S; (67-73) IVIPIII; (81) V; (90) M; (95-98) INNI; (104-109) PPSLIL; (112-118) 
TRNFIGI; (126) I; (133-139) NLRHRGI; (143-144) IS; (150) L; (157) M; (167-169) INI; 
(172-191) LGLNYDNISLLVWSVNITAI (Fig. 15). 
 Distribution. Australian Capital Territory, Victoria, New South Wales, Tasmania. 
 Type material examined. Holotype, Female (ANIC), “Canberra, A.C.T., Em. 1. 1. 
58 cx, host larva coll. 4. 1. 57. Parasite of Paropsis reticulata. C.I.E. COLL. NO. 18079. 
Eadya paropsidis Holotype det. T. Huddleston, 1977. ANIC Database No. 32 111891”. 
Paratype, Female (ANIC), “Canberra, A.C.T., 1. 10. 1957, Dissected from cocoon, 
Parasite of Paropsis reticulata, CIE COLL No 18079. Eadya paropsidis Paratype Female 
det T. Huddleston, 1977, Aust. Nat. Ins. Coll.”.       
 Non-type material examined. See Table 1. 
Eadya spitzer Ridenbaugh, 2018 sp. n. (Figs. 12A-C; 13A-C; 14A-E). 
 Diagnosis. Eadya spitzer sp.n. can be distinguished from all other members of 
Eadya by the following combination of characters: Clypeus flanged at ventral margin, with 
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two medial tubercles projecting outward (Fig. 14A); frons with inter-antennal and lateral 
carina flanged (Fig. 14B); occipital carina simple (Fig. 14B); occiput simple; notaulus 
impressed towards anterior margin of mesoscutum, foveate at apex (Fig. 14C); scutellar 
sulcus divided into many deep pits by ridge like longitudinal carinae (Fig. 14C); sternaulus 
crenulate (Fig. 14D); propodeum rounded in appearance from lateral angle (Fig. 13A), 
without transverse carinae (Fig. 14E), and not creating a distinct posterior face when 
viewed laterally; propodeal spiracle circular; head orange except for antenna, apex of 
mandible, and ocellar triangle black, median of clypeus brown (Figs. 14A, B); prothorax 
orange (Figs. 12A, 13A, 14B); hindwing infuscate with dark brown veins except for anal, 
basal, subbasal, and anterior half of discal cells hyaline (Fig. 13C); legs black except for 
fore coxa and trochanter orange (Fig. 13A); amino acid sequence (112-118) IRNFIGM 
(Fig. 15). 
 Description. Female. Body length without abdomen 3.30mm. Abdomen 2.86mm. 
Ovipositor 1.17mm.  
  Color. Head orange except for antenna, apex of mandible, and ocellar 
triangle black (Figs. 12A, B; 13A, B; 14A, B), median of clypeus brown; prothorax orange 
(Figs. 12A, B; 13A, B; 14A, B, C); mesoscutum orange (Figs. 12A, B; 13A, B; 14A, B); 
mesopleuron black except for anterior dorsal margin orange (Figs. 13A; 14D); metathorax 
black (Figs. 12B; 13A, B; 14D, E); forewing infuscate with dark brown veins except for 
anal, basal, and subbasal cells hyaline (Fig. 13C); hindwing infuscate with dark brown 
veins except for anal, basal, subbasal, and anterior half of discal cells hyaline (Fig. 13C); 
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legs black except for fore coxa and trochanter orange (Figs. 12A; 13A, B); abdomen black 
except for ovipositor orange (Figs. 12C; 13A).  
  Head. Clypeus simple, smooth with scattered setae, flanged as ventral 
margin, with two medial tubercles projecting outward (Fig. 14A); mandibles overlapping, 
dorsal tooth longer than ventral (Fig. 14A); face finely punctate with associated setae (Fig. 
14A); frons rugose, inter-antennal and lateral carina flanged, starting at the toruli and 
reaching the ocellar triangle (Figs. 14A, B); vertex smooth with scattered setae (Fig. 14B); 
occipital carina simple (Fig. 14B), reaching the hypostomal carina; hypostomal carina 
strongly flanged, reaching the mandible and bending around to the mandibular condyle; 
occiput smooth, normal (Fig. 14B).   
  Mesosoma. Pronotum exposed in dorsal view (Fig 14B, C); pronope absent, 
subpronope absent, smooth except for a faint crenulate line extending laterally and 
rugulose sculpturing along the lateral posterior margin (Fig. 14B); mesoscutum with 
median mesonotal lobe smooth (Fig. 14C); notaulus impressed towards anterior margin 
of mesoscutum, foveate at apex (Fig. 14C); scutellar sulcus divided into many deep pits 
by ridge like longitudinal carinae (Fig. 14C); sternaulus crenulate (Fig. 14D); propodeum 
rugose and pubescent, rounded in appearance from lateral angle, without transverse 
carinae and not creating a distinct posterior face when viewed laterally (Figs. 13A; 14E); 
propodeal spiracle circular; coxa, trochanter, trochantellus, and femur covered in setae, 
tibia and tarsus pubescent; tarsal claws simple (Figs. 12A; 13A, B).        
  Forewing. r-m curved slightly towards stigma before reaching the junction 
of 3RSa and 3RSb (Fig. 13C). 
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  Hindwing. R1a with three hamuli.  
  Metasoma. Metasomal tergite 1 petiolate, spiracle protruding as a tubercle 
at about the middle of the segment, dorsal and lateral surface punctate with associated 
setae (Fig. 14E); ovipositor straight (Figs. 12C; 13A). 
 Male. Unknown.   
 Host. Paropsis charybdis, Paropsis aegrota elliotti Selman, 1983.  
 Variations. Paratype with clypeus orange (Fig. 14A). This variation may be the 
result of the DNA extraction process of the Holotype. 
 Diagnostic molecular characters. (22-27) IWSGII; (32-34) SVL; (41-46) [M or 
K]LGRLL; (54) S; (67-73) IVIPIII; (81) I; (90) MM; (95-98) INNI; (104-109) PPSLIL; (112-
118) IRNFIGM; (126) M; (133-139) NLRHRGI; (143-144) MS; (150) L; (157) I; (167-169) 
INI; (172-191) LGLNYDNISLLVWSVNITAI (Fig. 15). 
 Distribution. Tasmania. 
 Etymology. This species is named in honor of Edwin Spitzer, the first author’s 
(RDR) late grandfather. This is a noun in apposition to the generic name in order to retain 
integrity of the surname Spitzer. 
 Remarks. The paratype is for this series is badly damaged, missing both antennae, 
all six legs, and the abdomen excluding metasomal tergite 1. However, the specimen was 
photographed before destruction and can be seen in figures 13A-C and 14A-E. This 
species is referred to as Eadya sp.2 in Peixoto et al. (2018). 
 Type material. Holotype, Female (ANIC), “The Lea, TAS, 11 Dec 2012, Emerged 
26 Dec 2012, G.R. Allen, Field collected in P. charybdis, E135”, “BJS 199”, GenBank 
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accession numbers KX989902, and MH107810. Paratype, Female (ANIC), “Runnymede 
Site #1, TAS, 13 Dec 2015, 42° 38’ 11.1” S, 147° 33’ 54.7” E, Flying adult, D. Satchell, 
Female”.  
Key to the species of Eadya 
1 - Propodeum with transverse carinae (See arrows, Fig. 11F) creating a distinct posterior 
face when viewed from the lateral angle (Fig. 10A………….......………...….....2 
1’ - Propodeum without transverse carinae (Fig. 5F), rounded in appearance when viewed 
from the lateral angle (Fig. 4A)………….…...……………………………..………...3 
 
2 - Occipital carinae simple (See arrow, Fig. 5B); propodeal spiracles elliptical; 
mesothorax orange (Fig. 7C, D)………..………….….........E. duncan Ridenbaugh, sp. n. 
2’ - Occipital carinae emarginate (See arrow, Fig. 11B); propodeal spiracles circular; 
mesothorax black (Figs. 11C, D) ……………......E. paropsidis Huddleston & Short, 1978 
 
3 - Notaulus impressed towards anterior margin of mesoscutum, crenulate at apex (Fig. 
9C); propodeal spiracles elliptical; hindwing infuscate except for anal, basal, discal, and 
subbasal cells hyaline (Fig. 8C); ovipositor downcurved (Fig. 8A); Distribution: Western 
Australia……………………..……………………......E. falcata Huddleston & Short, 1978 
3’ -Notaulus rugulose (Fig. 3C), crenulate (Fig. 5C), or impressed towards anterior margin 
of mesoscutum and foveate at apex (Fig. 14A); propodeal spiracles circular; hindwing 
either completely hyaline (Fig. 2C) or infuscate except for anal, basal, subbasal, and 
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anterior half of discal cells hyaline (Fig. 13C); ovipositor straight (Fig. 13A); Distribution: 
Australian Capital Territory, New South Wales, Tasmania…..............4 
 
4 - Head black (Figs. 3A, B); sternaulus rugulose (Fig. 3D); scutellar sulcus divided into 
two distinct foveae with rugulose sculpturing along the posterior margins (Fig. 
3C)…………………………………….…………...….......E. annleckieae Ridenbaugh, sp. n. 
4’ - Head orange except for antenna, apex of mandible, and ocellar triangle black (Figs. 
14A, B); sternaulus crenulate (Fig. 14D); scutellar sulcus divided into many deep pits by 
ridge like longitudinal carinae (Fig. 14C)……………………………………..…………..…..5 
 
5 - Pronotum orange (Fig. 12A); mesoscutum orange (Fig. 14C); legs black except for 
fore coxa and trochanter orange; notaulus impressed towards anterior margins of 
mesoscutum, foveate at apex (Fig. 14C)…………..………..E. spitzer Ridenbaugh, sp. n. 
5’ - Pronotum black except for anterior dorsal margin orange (Figs. 4A, 5B) mesoscutum 
black (Fig, 5C); legs black; notaulus crenulate (Fig. 
5C)…………………………………………………………,,..E. daenerys Ridenbaugh, sp. n. 
Discussion 
 With the description of the four new species described here, the distribution of 
Eadya has expanded to include Tasmania, the Australian Capital Territory, New South 
Wales, Victoria, and Western Australia. As Peixoto et al.’s (2018) study was limited to 
Tasmania, much is still unknown about mainland populations of Eadya. Of the six species 
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of Eadya now known, two (E. annleckieae sp. n. and E. spitzer sp. n.) are known solely 
from Tasmania. This may not be an accurate distribution given our limited knowledge of 
mainland Eadya and because both E. paropsidis and E. daenerys sp. n. have been 
recorded from both Tasmania and mainland Australia. 
 Interestingly, knowledge on Eadya distribution has grown from a citizen science 
observation. Citizen science initiatives are a valuable, yet underutilized, resource for 
biodiversity research which can survey large geographical areas over extended periods 
of time (Silvertown 2009; Theobald et al. 2015). In November of 2012, a series of photos 
taken in Melbourne depicting a wasp stinging beetle larvae and labeled “? Eadya 
paropsidis” was uploaded to ProjectNoah.org (Ridgway 2012). The photos were tagged 
with the following description: 
 
  “A small (7mm) wasp with an orange head, thorax and first pair of legs. The rest 
 of the wasp was black. The larvae being parasitized were those of the eucalyptus 
 leaf beetle (Paropsis atomaria), probably the 2nd instar”. 
 
Although the image quality and detail was not sufficient to positively identify the beetle 
larvae, the images of the wasp coupled with the contributor’s description matches that of 
E. duncan sp. n., and represents a new distribution record. With this observation, the 
distribution of E. duncan sp. n. is expanded to include Victoria, AUS in addition to New 
South Wales, AUS. Thus, citizen science observations can be invaluable for expanding 
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knowledge on species and provides additional collecting localities for future research into 
this relatively unknown species. 
 Host records for Eadya outside of Tasmania are incomplete as well, with only E. 
paropsidis recorded from Paropsis atomaria (synonym P. reticulata) in the Australian 
Capital Territory and New South Wales (Huddleston and Short 1978). Again this may not 
represent the entire complement of possible hosts for E. paropsidis given the plastic 
nature of host usage in Eadya (Peixoto et al. 2018). Thus, there may be more host 
associations to be discovered with focused sampling and careful rearing. Eadya daenerys 
sp. n. from Tasmania has been considered as a potential biocontrol agent for Paropsis 
charybdis in New Zealand (Withers et al. 2012), and continues to be a promising 
candidate (Peixoto et al. 2018). With two mainland species of Paropsisterna (Pst. m-
fuscum and Pst. variicollis*) recently introduced as pests outside of Australia (Clemson 
University Extension 2012; Paine et al. 2011; Rogan 2016; von Ellenreider 2003), 
establishing accurate host records for Eadya could prove beneficial for future biocontrol 
efforts. 
 Much is still unknown about the species of Eadya, but as the popularity of 
Eucalyptus grows internationally as an ornamental landscape and forestry product (Paine 
et al. 2011), and with it the number of invasive pests, future biocontrol programs may look 
to Eadya for classical biological control. Although Peixoto et al. (2018) has added much 
to our understanding, further research into the biology of Eadya is required, with a 
particular focus on the host associations and distributions of mainland Australian 
populations. The sooner this research can be completed the more likely rapid measures 
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can be taken to control additional incursions of paropsine beetles in new countries and 
regions. 
 Finally, it is prudent to discuss the subfamily placement of Eadya. In the original 
description, Huddleston and Short (1978) placed Eadya within Euphorinae, but without 
much justification. Shaw (1985) in his analysis of Euphorinae relationships, agreed that 
Eadya belonged within Euphorinae, likely as a basal member because Eadya has a 
complete second submarginal cell (r-m cross vein present) and a long ovipositor, similar 
to Meteorus (a long suspected basal taxon of Euphorinae (Stigenberg et al. 2015). In a 
subsequent molecular phylogenetic analysis, based on 28S (D2-D3) rDNA, Belshaw and 
Quicke (2002) recovered Eadya within the Helconoid complex, sister to species of 
Diospilini (Brachistinae - following Sharanowski et al. 2011). They erected the tribe 
Eadyini within Helconinae to accommodate this aberrant taxon. The presence of an inter-
antennal carina is shared among Eadya as well as several members of Helconinae 
(sensu stricto - following Sharanowski et al. 2011) providing some morphological 
evidence for this placement. However, Eadya attacks exposed leaf-feeding beetle larvae, 
not concealed xylophagous beetle larvae as do species of Helconinae s.s. Further, the 
morphological characters of Eadya are far more consistent with placement in Euphorinae 
(Shaw 1985; 1997) than Helconinae, and include: forewing vein 2cu-a absent; forewing 
vein 3RS curved, reaching the costa and therefore creating a small marginal cell; and a 
petiolate metasoma. Further, Eadya COI sequences share the greatest similarity to other 
Euphorines based on BLAST searches (Peixoto et al. 2018). Thus, the presence of an 
inter-antennal carina is likely convergent with members of Helconinae. We suggest that 
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Eadya is indeed a member of Euphorinae, and forthcoming molecular phylogenetic 
analyses (Stigenburg, unpublished data; Sharanowski, unpublished data) will formally 
test that assertion. 
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CHAPTER THREE: THE EFFECTS OF PLANT PHYTOCHEMISTRY ON 
PARASITOID (HYMENOPTERA: BRACONIDAE) NICHE BREADTH 
Introduction 
 Hymenoptera are arguably the most speciose animals on earth, surpassing 
Coleoptera, in part due to the sheer diversity of parasitoid wasps within the order and the 
close associations these wasps have with their host arthropods (Forbes et al. 2018). As 
a host is required for survival and reproduction for parasitoids, there is a direct fitness 
component to selecting a host (Charnov and Skinner 1984; Kouamé and Mackauer 1991; 
Wang and Messing 2004). A parasitoid wasp may be able to oviposit into  several different 
hosts, but  most will only be able to successfully utilize a few or even a single host species. 
This is because parasitoid wasps require a physiological match to their hosts, particularly 
for koinobiont endoparasitoids that must survive inside their host through larval 
development and successfully defend against host immune responses to parasitization 
(Beckage and Gelman 2004; Vinson and Iwantsch 1980). The process of selecting and 
locating a host may differ depending on the breadth of hosts the parasitoid is able to 
successfully utilize. Some parasitoids are monophagous, specializing on a single host 
species. Others can utilize a wider range of hosts, albeit hosts are often closely related, 
and these parasitoids may be termed oligophagous or host flexible. Although there are 
many factors that may influence host selection in parasitoids, such as competition (Price 
1971), for host-flexible parasitoids the use of some hosts may provide a fitness advantage 
relative to the use of others.. This begs the question: where a host preference exists, how 
do host-flexible parasitoids locate and select their preferred hosts? 
 42 
 Semiochemical cues (infochemicals) emitted from hosts or host plants are just one 
way parasitic wasps locate a viable host (Tumlinson et al. 1993a; Vet and Dicke 1992). 
Infochemicals are called kairomones when they benefit the receiver, allomones when they 
benefit the sender, and synonomes when the benefit both the sender and receiver (Brown 
Jr et al. 1970). For parasitoids, kairomones are often in the form of non-volatile oral 
secretions or feces from the host (Rutledge 1996), although volatile pheromones may 
also be utilized. Synonomes are typically plant emitted volatiles and may be either 
herbivore-induced or constitutively produced (Hilker and McNeil 2008; McCormick et al. 
2012; Paré and Tumlinson 1999; Tumlinson et al. 1993a). The detection of these 
infochemicals by parasitoids can be innate or learned, although there are still relatively 
few studies documenting how parasitoids use infochemicals for foraging and host 
acceptance (Steidle and Van Loon 2003). 
 Vet and Dicke (1992) hypothesized that not all infochemicals are equal, and 
instead suffer from what they term the ‘reliability-detectability problem’. Under this 
paradigm, host kairomones have high reliability because they are excellent indicators of 
host presence, but have low detectability because they are typically localized and not 
detectable at a distance (Vet and Dicke 1992). Due to their reliability, these infochemicals 
likely play an important role as a dependable indicator of a specific host for monophagous 
parasitoids (Vet and Dicke 1992). Alternatively, Vet and Dicke (1992) contend that plant-
emitted synomones travel much farther than host compounds, making them more likely 
to be detected at a distance by foraging parasitoids, but are likely poor indicators of host 
presence and therefore unreliable. One of the hypothesized solutions to the reliability-
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detectability problem are herbivore-induced synomones, infochemicals released from the 
plant in response to damage from herbivory. Vet and Dicke (1992) proposed that 
parasitoids would have strong responses to these synomones if the parasitoid was 
specific to one host species found on a single plant species, or parasitoids that can utilize 
multiple hosts on a single plant species. In these cases herbivore-induced synomones 
are not only detectable over a long distance but also reliable indicators of host presence.  
The ability for parasitoids wasps to utilize volatile compounds has been well established, 
but most studies have either focused on specialists (Colazza et al. 2004; de Moraes et 
al. 1998; Du et al. 1997; Gols et al. 2011; McCall et al. 1993; Röse et al. 1998; Tumlinson 
et al. 1993b; Xiu et al. 2019), or a single host-flexible species and no other related species 
(D’Alessandro et al. 2009; Ponzio et al. 2016; Röse et al. 1998; Tumlinson et al. 1993a; 
Turlings et al. 1990; Wei et al. 2007). Although Vet and Dicke’s (1992) hypotheses may 
hold true for parasitoids that specialize on a single host species, its likely host flexible 
parasitoids utilize these cues differently. An overarching issue with each one of these 
hypotheses is that they approach the system from a top down perspective, describing 
infochemical use between the third and  second trophic level (parasitoid and herbivore), 
and how interactions between the second and first (herbivore and plant) could impact 
infochemical use by the third, but downplays any direct interaction between the third and 
first trophic levels outside of herbivore-induced infochemicals. In this study we examine 
how infochemicals from the plant impact host selection in parasitoids, and whether closely 
related host-flexible parasitoids exhibit a differential preference for different plant volatile 
profiles. 
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An excellent group for testing this question is Eadya Huddleston & Short, 1978 
(Hymenoptera: Braconidae: Euphorinae), a small genus native to Australia that attack 
paropsine leaf-beetles (Coleoptera: Chyrsomelidae: Chrysomelinae) that feed on 
Eucalyptus L’Héritier, 1789 (Myrtales: Myrtaceae). Eadya is comprised of 6 described 
species (Huddleston and Short 1978; Ridenbaugh et al. 2018), all of which are host 
flexible to varying degrees. Species such as Eadya daenerys and E. spitzer were 
documented from 4 different hosts with no apparent preferences, while E. paropsidis has 
been documented on three hosts between Tasmania and mainland Australia but only 
reared from Paropsis tasmanica in Tasmania (Peixoto et al. 2018).  
Species of Eadya are also of interest as biological control agents targeting invasive 
paropsine beetles infesting Eucalyptus plantations in New Zealand, with E. daenerys 
approved to control P. charybdis (New Zealand Enviromental Protection Agency 2019) 
and E. annleckieae as a potential agent to control Paropsisterna variicollis* (Peixoto et al. 
2018). Peixoto et al. (2018) noted uncertainty in the taxonomic status of Pst. variicollis, 
denoting it with an asterisk, in relation to Pst. cloelia (Stål, 1860) and Pst. obovata 
(Chapuis, 1877), and highlighted the need for an urgent revision due to the New Zealand 
invasion of Pst. variicollis (Lin et al. 2017; Rogan 2016). Leschen et al. (2020) recently 
synonymized Pst. variicollis under Pst. cloelia but referenced no type material nor 
provided any supporting evidence for the change. Although a recent molecular study 
(Nahrung et al. 2020) found support for this synonymy, in the absence of a proper 
taxonomic treatment we refer to this taxon as Pst. variicollis* sensu stricto Peixoto et al. 
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(2018) and again highlight the urgent need for revision given its status as an economically 
significant pest. 
Given the host flexibility observed within Eadya, plant infochemicals may play a 
more important role in host selection. To assess this, we perform cophylogenetic analyses 
to test for evidence of cospeciation between Eadya and their hosts. If the parasitoids show 
strong evidence of cospeciation with their hosts, we would expect that the host itself has 
a strong impact on host slection. To examine how infochemicals from the plant impact 
host selection in closely related host-flexible parasitoids, we test for distinct chemoprofiles 
in Eucalyptus species and test whether or not these profiles are different for damaged 
versus undamaged leaves, suggesting an herbivore-induced response. Then we ask if 
these plant chemoprofiles are good predictors of parasitoid and/or host species, which 
would indicate that plants have a strong influence on parasitoid host selection.  
Materials and Methods 
Sample Collection 
 Samples were collected between October 31st - December 10th, 2018 from 
Eucalyptus globulus plantations around Hamilton, Victoria owned and operated by 
Australian Bluegum Plantations (http://www.austgum.com.au/) (Fig. 17) (Table. 3 & 4). 
Plantations were chosen to ensure efficient collecting. Another species of Eucalyptus was 
present as volunteer plants, but could not be identified to species (Eucalyptus sp. 1). 
Paropsine beetle larvae between the first and fourth instar were collected by hand and 
reared gregariously in 750mL plastic takeaway containers, with all paropsines collected 
 46 
from a single tree reared in the same takeaway container. Before pupation, paropsine 
larvae were placed into 2cm x 2cm nylon pouches, stapled shut, and isolated in small 
vials in anticipation of Eadya emergence to establish definitive host-parasitoid 
associations following Davy et al. (2016). A total of 98 wasps were reared.  
Each collected beetle and parasitoid received an identifying code consisting of up 
to three parts (e.g. VIC001:001:P1). The first part of the identifier (VIC001) corresponds 
to GPS coordinates of the Eucalyptus tree from which the paropsine larvae were 
collected. The second part of the identifier (001) is unique to the individual paropsine 
larvae collected at that location, and was assigned upon isolation at the final instar before 
pupation. The final part of identifier (P1) was assigned to the parasitoid(s) that emerged 
from an individual paropsine larvae. Upon emergence of a parasitoid, what was left of the 
paropsine host was immediately stored in 95% ethanol. Parasitoid wasps that emerged 
and successfully spun cocoons were kept for 50 days, allowing for adult morphological 
characters to develop, and then preserved in 95% ethanol. Those that failed to exit the 
host or successfully spin a cocoon were immediately preserved in 95% ethanol. For each 
collection event, three leaf samples were collected: an herbivore damaged leaf, an 
undamaged leaf of the same age class as the damaged leaf (either flush (newly grown) 
or mature), and an undamaged leaf of the opposite age class. Leaves were labeled 
accordingly and dried in individual plastic sandwich bags with silica desiccating powder. 
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DNA Extraction and PCR Protocol 
Genomic DNA extractions were performed using the DNeasy Blood and Tissue kit 
(QIAGEN). Immature paropsines and parasitoids were extracted via destructive 
sampling, while adult parasitoids were extracted nondestructively using the right midleg 
as the extraction medium with the remainder of the wasp retained as a voucher and 
deposited at the University of Central Florida Collection of Arthropods (UCFC). All 
specimens for which DNA was extracted were assigned a unique voucher code consisting 
of the letters RDR followed by three numbers (e.g. RDR001). For the identification of 
destructively sampled specimens the barcode region of Cytochrome oxidase c subunit 1 
(CO1) was amplified using universal primers (Forward: 5’- GGT CAA CAA ATC ATA AAG 
ATA TTG G - 3’; Reverse: 5’ - TAA ACT TCA GGG TGA CCA AAA AAT CA - 3’) (Folmer 
et al. 1994). Polymerase chain reactions were performed using 1 µL of template DNA, 
0.2 mM dNTP solution (New England Biolabs, (NEB)), 4 mM MgSO4,  1X standard Taq 
buffer (10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2) (NEB), 400 nM of each primer 
(Integrated DNA Technologies), 1 unit of Taq DNA polymerase (NEB), and PCR grade 
water to bring the reaction to a volume of 25 µL. Thermocycler settings were as follows: 
initial denaturation at 95°C for 1 minute, 34 cycles of denaturation at 95°C for 15 seconds, 
annealing at 49°C for 15 seconds, and extension at 72°C for 45 seconds. PCR products 
were visualized using 5 µL of PCR product mixed with 1 µL of dye, loaded into a 1% 
agarose gel, and imaged after separation via gel electrophoresis. Samples observed with 
faint bands were re-run using 2 µL of template DNA and 1.25 units of Taq DNA 
polymerase (NEB) for 38 cycles. PCR products were processed using magnetic bead 
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clean-up and sequenced on an Applied Biosystems 3730x 96 capillary sequencer at the 
UK Healthcare Genomic Core Laboratory. Forward and reverse reads were trimmed, 
assembled into contigs, and then edited for quality using Geneious Prime 2020.04 
(https://www.geneious.com). Sequences were uploaded to GenBank under accession 
numbers MT246305-MT246448. 
Phytochemical Extraction and Analysis 
 Desiccated leaves were homogenized under liquid nitrogen and stored at -80°C 
prior to extraction. To extract a broad range of polar and nonpolar metabolites, the 
homogenized samples were mixed with 1 mL of a 1:1 methanol-chloroform solution in 
conjunction with 1 µL of ethyl-decanoate (Sigma-Aldrich, Inc.) as an internal standard. 
Sample extracts were vortexed in an orbital shaker for 2 hours to expedite extraction at 
160 rotations min-1. Post extraction, each sample was filtered through a 0.2 μm nylon filter 
into a 2 mL amber glass vial, where 1 µL of the sample extract was used for direct injection 
into a single quadrupole GCMS-QP2020 NX gas chromatograph-mass spectrometer 
(Shimadzu, Inc.). Each extract was injected at 230°C in splitless mode with helium carrier 
gas flow set to 2 mL min-1 by an AOC-6000 autosampler (Shimadzu, INC.). The oven was 
held isothermal at 40°C for 1 min, ramped at 15°C min-1 to 330°C where it was held 
isothermal for 1 min. Electron impact mass spectra were recorded in full scan mode from 
m/z 50 to 450 in the single quadrupole mass spectrometer. Data were initially 
preprocessed using GCMS solutions v1.4 (Shimadzu, Inc.). Signals were integrated using 
total ion count and measurements such as the area and height of chromatogram peaks 
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were normalized to the internal standard. Compounds were putatively identified by 
comparing observed mass spectra with the NIST mass spectra library using a 75% 
significance index cutoff.  
Phylogenetic Analyses and Species Delimitation 
CO1 sequences were aligned by hand using the reading frame for reference in 
BioEdit v 7.2.5 (Hall 1999) as there were no codon deletions. Each sequence was 
evaluated for any evidence of amplification of a nuclear mitochondrial insertion (NUMT) 
(Lopez et al. 1994) based on the criteria outlined by Zhang and Hewitt (1996). Sequences 
suspected of being NUMTs were removed from future analysis. Maximum likelihood and 
Bayesian phylogenetic analyses were performed to identify specimens destructively 
sampled using IQTree v 1.6.10 (Nguyen et al. 2014) and MrBayes v 3.2.7 (Ronquist et al. 
2012) on the CIPRES Science Gateway v 3.3 (Miller et al. 2010). Afrocampsis sp. 
(Hymenoptera: Braconidae: Helconinae) and Johannica gemellata (Coleoptera: 
Chyrsomelidae: Chrysomelinae) were used as outgroups for the Eadya and host 
phylogenies respectively. Confidently identified voucher sequences of both wasps and 
beetles from Peixoto et al. (2018) and Nahrung et al. (2020) were included in each 
analysis to confirm the species of parasitoids and hosts that were destructively sampled. 
In addition, four Eadya specimens collected in Tasmania and sent to the first author for 
identification were included (RDR129 - RDR132). One specimen was removed from the 
wasp dataset, RDR237, as a BLAST search of the NCBI database identified it as a 
species of Maxfischeria (Braconidae) (Boring et al. 2011) and removed from future 
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analyses. Two specimens, RDR274 and RDR301, were removed from the host dataset. 
A BLAST search identified as RDR274 as Eadya, indicting the host sample was 
contaminated by the wasp, and was removed from future analyses. RDR301 was found 
to contain a stop codon, indicating a NUMT was potentially sequenced, and removed from 
all subsequent analyses.  
The best fitting model of evolution was determined for each alignment based on 
Bayesian Information Criterion (BIC) using ModelFinder (Kalyaanamoorthy et al. 2017) 
within IQTree v 1.6.10 on the CIPRES Science Gateway v 3.3. For the wasp (Eadya) 
dataset, the top performing model was K3Pu (BIC = 5986.3377) with parameters for 
empirical base frequencies (+F) and a gamma distribution of rate heterogeneity (+G). As 
this model is not supported within MrBayes, HKY+F+G (BIC = 5988.4978) was used as 
its BIC score was within Δ5 of the top performing model. For the beetle dataset, the top 
performing model was HKY+F+G (BIC = 6554.0634). The maximum likelihood analyses 
were performed with 1000 ultrafast bootstraps (Hoang et al. 2017), while the Bayesian 
analyses consisted of two independent runs with four chains each, for a total of 
15,000,000 generations, sampling every 1000 generations with a 25% burn-in applied. 
Convergence of the two independent runs was evaluated using the average standard 
deviation of split frequencies, the potential scale reduction factor, and minimum estimated 
sample size output by MrBayes. Additionally, wasp and beetle Bayesian phylogenies 
were constructed using a dataset supplemented with Tasmanian specimens from Peixoto 
et al. (2018) for use in the Procrustes Approach to Cophylogeny (PACo) analysis outlined 
below. These phylogenies were constructed using the same methods listed above, using 
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a HKY+F+G (BIC = 7587.3901) for the wasp dataset and HKY+F+G with a parameter for 
invariant sites (+I) for the beetle dataset (BIC = 8949.7961; Δ5.8 from top model). The 
intra and inter-specific genetic distances were calculated for each clade recovered in the 
phylogenetic analyses using MEGA v 7.0 (Kumar et al. 2016) with the Kimura 2-
parameter model of molecular evolution (Kimura 1980). The maximum likelihood and 
Bayesian trees were visualized using FigTree v 1.4.3 (Rambaut 2012), and edited using 
Adobe Illustrator Creative Cloud (Adobe Systems Inc.). Alignment files can be found on 
Figshare (www.figshare.com DOI: 10.6084/m9.figshare.12111459).  
Parasitoid-Host Cophylogenetic Analyses 
 When cospeciation between parasites and their hosts occurs, we expect 
phylogenetic congruence between wasp and host phylogenies and a 1:1 relationship 
between the interacting species, demonstrating strong host specialization (Balbuena et 
al. 2013; Fahrenholz 1913; Legendre et al. 2002; Page 2003). Given the degree of host 
flexibility observed within Eadya wasps (Peixoto et al. 2018; Ridenbaugh et al. 2018), 
cospeciation with their hosts is not expected to have played a dominate role in the 
evolution of Eadya. To test this, two cophylogenetic methods were used, an event-based 
and distance-based method. The former compares wasp and beetle tree topologies and 
their associations to reconstruct cospeciation, duplication, host switch, losses, and failure 
to diverge events, while the later uses distance matrixes produced from the wasp and 
beetle phylogenies and their associations to statistically test for congruences between the 
two topologies. In the event-based reconstruction cospeciation events occur when the 
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parasite speciates in unison with the host. Duplication events are when speciation in the 
parasite occurs independently from the host. Host switching is the result of a duplication 
event in which the parasite jumps to a new host lineage. Loss and failure to diverge events 
are very similar in that both occur when the host speciates, but the parasite does not. 
However, in loss events the parasite only remains on one of the new host lineages, and 
in failure to diverge events the parasite remains on both host lineages. For the event-
based analysis Jane 4 (Conow et al. 2010) was used, with the genetic algorithm set to 
run for 200 generations with a population size of 5000 using two different cost models. 
The first model was the default cost model for Jane, with cospeciation set to 0, duplication 
and host switching set to 2, and all other event types set to 1. An alternative model was 
used with cospeciation set to -10 and all other events set to default to test the algorithms 
sensitivity to the cost settings. For this method the input was trees drawn by hand using 
the tree editor within Jane 4 and with clades collapsed for each species to control for the 
potential overestimation of cospeciation events due to sampling bias (Bass 2019). For the 
distance-based method, a PACo analysis (Balbuena et al. 2013) was used as 
implemented in R (R Core Team 2016) using the R package “PACo” (Hutchinson et al. 
2017). PACo was run for 10,000 permutations with the r0 randomization algorithm from 
the R package “vegan” (Oksanen et al. 2016). 
Principal Component and Random Forest Analyses 
To examine how infochemicals from the plant may be influencing host location and 
selection in closely related host-flexible parasitoids, principal component and Random 
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Forest analyses were performed using the relative area of the chromatogram peaks, a 
measurement of abundance for each compound, obtained from the GC/MS and 
parasitoid-host association data. Four separate principal component analyses were run 
in R using the package “FactoMineR” (Lê et al. 2008) and visualized using the package 
“Factoextra” (Kassambara and Mundt 2017). The first principal component analysis 
examined all Eucalyptus leaves collected to test for differences in phytochemistry 
between the two species of Eucalyptus (globulus vs. sp. 1). The second principal 
component analysis analyzed damaged and undamaged flush Euc. globulus leaves, the 
age class preferred by the beetles, to test if the plant has a different chemoprofile when 
damaged, suggesting a specific herbivore induced response. Only Euc. globulus was 
tested because there were not enough samples to adequately assess herbivore induced 
responses in the other Eucalyptus species. The third principal component analysis 
examined the beetles by damaged leaves to test the effects of infochemicals on the 
herbivore assemblage. For this analysis, as well as the Random Forest beetle analysis 
below, 31 beetles were included that were identified by the distinctive coloration of the 
larvae, yellow body with a prominent black dorsal stripe in Paropsisterna variicollis* and 
black body with orange/yellow lateral stripes in Pst. agricola, but were not parasitized by 
Eadya wasps. The fourth principal component analysis compared the phytochemistry of 
leaves damaged by beetles for which different species of Eadya was reared from to test 
the effects of infochemicals from the plant on Eadya host selection.  
Several ensemble machine learning analyses, called Random Forest, were also 
utilized to test if different Eucalyptus chemoprofiles could predict plant, beetle, or wasp 
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species and predict if leaves were damaged or undamaged. These analyses were 
performed in R using the package “randomForest” (Liaw and Wiener 2002). Each dataset 
was partitioned into training and test datasets using the R package “caret” (Kuhn 2008), 
with 75% of the data randomly placed into training and the remaining 25% into test. Each 
dataset was centered and scaled using the preprocess function in “caret”. For each 
dataset, the mtry randomForest parameter was tuned using the train function in “caret” 
using the following parameters: method = repeatedcv; number of folds = 10; and the 
number of complete sets of folds to compute = 5. Each classification Random Forest was 
run using 500 decision trees. The results of each Random Forest was extracted using the 
R package “randomForestExplainer” (Paluszynska and Biecek 2017).  
Success of the Random Forest analyses was evaluated based on two criteria: (1) 
the out of bag error rate, a measurement of prediction error utilizing bootstrap aggregated 
datasets sampled uniformly from the training dataset with replacement; and (2) Cohen’s 
kappa, calculated using the testing dataset, a measurement of observed accuracy 
compared to the expected accuracy (i.e. random chance). For out of bag error rates, 
values less than 15% were considered successful. For kappa, all values above 0.40 were 
considered to be successful, with values between 0.40 and 0.75 good, and values above 
0.75 excellent (Fleiss et al. 1981). It should be noted however that for both of these 
measurements no statistically backed guidelines exist, and the cutoff’s for each 
measurement are arbitrary. R scripts for the PCA and Random Forest analyses, as well 




Phylogenetic Analyses and Species Identification 
 A total of 67 wasps and 72 beetle hosts were successfully sequenced, and of these 
there were 51 pairs of wasps reared from beetles that were both successfully sequenced. 
The final alignments included 80 sequences for the wasp alignment, including one 
outgroup and 8 voucher sequences (Peixoto et al. 2018), and 85 sequences for the host 
beetle alignment, including one outgroup and 12 voucher specimens (Nahrung et al. 
2020; Peixoto et al. 2018). Both alignments consisted of 684 characters.  
 In both the wasp Bayesian (Fig. 18) and maximum likelihood phylogenetic 
analyses (Fig. 19), five distinct and well supported clades (pp = 1; Bootstrap ≥ 90) were 
recovered. Four of these clades corresponded to the Peixoto et al. (2018) voucher 
specimens and one to an unknown species of Eadya (hereafter referred to as Eadya sp. 
1). As we did not have DNA for two described species (Eadya falcata Huddelston and 
Short or E. duncan Ridenbaugh) and adult vouchers were not available for the unknown 
species, we could not confirm the identity of these wasps. All Eadya specimens 
sequenced for this study were recovered in either the Eadya daenerys, E. annleckieae, 
or E. sp. 1 clades. The only difference between the phylogenies was the placement of the 
E. sp. 1 clade. The Bayesian analysis recovered E. sp. 1 sister to E. daenerys with a 
posterior probability of 0.90, while the maximum likelihood analysis recovered it sister to 
the clade of E. paropsidis + E. spitzer with poor support (Bootstrap = 58).  
Six distinct and strongly supported clades (pp = 1; bootstrap ≥ 91) were recovered 
in both the beetle Bayesian (Fig. 20) and maximum likelihood (Fig. 21) analyses, which 
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recovered identical relationships. All recovered clades corresponded to voucher 
specimens from Peixoto et al. (2018) and Nahrung et al. (2020). Host specimens 
sequenced for this study were recovered in four out of the six beetle species: Paropsis 
aegrota-elliotti;  Paropsisterna m-fuscum; Pst. Agricola; and Pst. variicollis* clades. A 
distinct barcode gap, with interspecific distances greater than intraspecific distances, was 
observed in both the wasp (Table 5) and beetle datasets (Table 6). The largest 
intraspecific genetic distance for wasps was 1.06% in Eadya spitzer and 0.78% in 
Paropsisterna m-fuscum for the beetle hosts. Interspecific genetic distances ranged in 
wasps from 6.45% between E. daenerys and E. sp. 1, to 31.07% between E. paropsidis 
and E. annleckieae (Table 5). Large values were also recovered in the host dataset, with 
the smallest interspecific distance being 9.77% between Pst. agricola and Pst. variicollis*, 
and the largest 19.07% between P. charybdis and Pst. agricola (Table 6). 
 Given that all sequenced specimens fell within well supported clades with distinct 
barcoding gaps, we could identify the unknown sequenced specimens for both wasps 
and hosts as follows: 20 Eadya daenerys, 44 E. annleckieae (not including the 4 
Tasmanian specimens), three E. sp. 1, one Paropsis aegrota elliotti, five Paropsisterna 
m-fuscum, 17 Pst. agricola, and 49 Pst. variicollis*. These identifications were used for 
all downstream analyses. Specimens identified as E. sp. 1 could be E. duncan or E. 
falcata, which have never been sequenced, or a new yet to be described species. 
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Parasitoid-Host Cophylogenetic Analyses 
 The relationship between Eadya spitzer and E. paropsidis was unresolved using 
CO1, and therefore were treated as sister to each other as observed in Peixoto et al. 
(2018) for the Jane event-based analysis. The relationships of the wasp and beetle 
Bayesian phylogenies used in the cophylogenetic analyses were identical to those 
recovered in this study and Peixoto et al. (2018) (Fig. 22 & 23). Using the default cost 
model, ten isomorphic solutions were recovered (Fig. 24) with zero cospeciation, three 
duplication, one duplication and host switch, 13 losses, and six failure to diverge events 
for a total cost of 24. The second Jane analysis using an alternative cost model 
(cospeciation set to -10, a much lower cost than all other events) was done to test the 
robustness of the default cost settings. The results were identical to the default cost model 
(Fig. 25) with ten isomorphic solutions as listed above and a total cost of 24. These results 
indicate that duplication, and not cospeciation, is the dominate speciation event and that 
the lack of cospeciation events inferred are robust.  
The PACo distance-based analyses returned a sum of squares of 288.55 with p 
value < 0.001 showing strong phylogenetic congruence, an indication of cospeciation, 
between the wasp and host phylogenies. The Procrustes residuals indicated that 
associations between E annleckieae and Paropsisterna variicollis* had a large amount of 
cophylogentic signal (residuals closer to 0) compared to all other species of Eayda. 
Separating these associations from the rest and comparing the residuals using a Welch’s 
t-test demonstrated that the cophylogentic signal between E annleckieae and Pst. 
variicollis* is significantly greater than all other associations (t = -6.48, df = 73.35, p < 
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0.001). This indicates that the cophylogetic signal observed between the wasps and their 
beetle hosts is largely contained in associations between E. annleckieae and Pst. 
variicollis*, signifying sampling bias. 
Principal Component and Random Forest Analyses 
Thirty leaves were successfully extracted with 112 compounds identified (Table. 
7), 11 of which were Eucalyptus sp. 1 and 19 were Eucalyptus globulus. Of the 51 wasp-
beetle pairs, damaged leaves were successfully extracted for 49 pairs. The first PCA 
examined all Eucalyptus leaves to see if there were distinct chemoprofiles across the two 
species: 54.1% of the variation was explained in the first five principal components (PCs), 
with 21.4% in the first, 10.7% second, 8.3% third, 7.4% fourth, and 6.3% for the fifth. 
Separation of the two Eucalyptus species was observed between the first and second 
(Fig. 26A) and the first and third (Fig. 27A) PCs, although the separation was clearer in 
the latter. Between the first and second PCs, one Euc. sp. 1 grouped with the Euc. 
globulus specimens (VIC083 MD), the only herbivore damaged mature leaf collected. 
Between the first and third PC VIC083MD is once again observed grouping with the Euc. 
globulus samples in addition to VIC085MUD, a mature undamaged leaf (Fig. 27A). These 
data suggest that there are distinct chemoprofiles between the two species of Eucalyptus 
tested in this study. The top compounds responsible for the separation of the two 
Eucalyptus species were C4, C9, C52, C96, and C99 (Fig. 28A; Table 7).  
For the second PCA comparing Eucalyptus globulus flush damaged leaves and 
undamaged leaves, 71.1% of the variation was explained in the first 5 principal 
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components, with 25.9% in the first, 15.3% second, 12.4% third, 10% fourth, and 7.5% in 
the fifth. Clear separation between the two groups was not observed (Fig. 27B); but a 
negative shift in the first principal component is observed between all undamaged and 
damaged pairs expect for in VIC088, in which a minute positive shift is observed. The 
intensity of the shift is also variable between trees, with some exhibiting a strong shift 
(e.g. VIC093 and VIC094), while the shift in VIC097 is much smaller. No clear trend is 
observed in the second principal component 
For the third PCA comparing the four species of beetles collected using damaged 
leaves, 88% of the explained variation was observed in the first five PCs, 40.7% in the 
first, 17% second, 12.4% third, 10.8% fourth, and 7.1% in the fifth. No clear separation is 
recovered between any of the five PCs (Fig. 27C). These data suggest that there is no 
preference of beetle species for different plant chemoprofiles. 
For the fourth PCA examining leaves damaged by beetles from which Eadya 
wasps were reared, 90.6% of the explained variation was observed in the first five PCs, 
41.4% in the first, 19.5% second, 12% third, 10.2% fourth, and 7.5% in the fifth. Clear 
separation of E. annleckieae and E. daenerys is observed between the first and second 
PCs (Fig. 27D), second and third (Fig. 26B), second and fourth (Fig. 26C), and second 
and fifth (Fig. 26D). The two Eadya sp.1 and one E. annleckieae (RDR369), which were 
all reared from beetles collected on the same tree, grouped with the E. daenerys 
specimens across all PCs. The top compounds responsible for the separation of the two 
parasitoid groupings were C18, C36, C78, C79, C83, C100, C101, C104, C105, C106, 
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and C108 (Fig. 28B; Table 7). These data suggest that species of Eadya are attracted to 
species specific chemoprofiles of Eucalyptus. 
 Three Random Forest machine learning algorithms were then run to assess 
whether or not species of (1) wasps, (2) beetles, and (3) plants could be accurately 
predicted using specific plant volatile compounds. A fourth analysis was run to test if the 
algorithm could predict damaged versus undamaged leaves of Eucalyptus globulus to 
assess if there were predictable chemoprofiles when leaves were damaged by 
herbivores. For the first analysis, the algorithm was successful at distinguishing Eadya 
annleckieae (error rate: 3.7%) and E. daenerys (error rate: 11.1%), but not E. sp. 1 (error 
rate: 100%) using the training dataset. There was also a low out of bag estimate of error 
rate (10.53%) (OOB). Predicting Eadya species from the test dataset resulted in 100% 
accuracy and a Kappa of 1, with nine E. annleckieae and two E. daenerys accurately 
predicted to species.  The top ten plant compounds for predicting Eadya species were 
C112, C107, C101, C5, C106, C93, C105, C104, C78, and C96 (Fig. 29A; Table 7).  
 The second analysis was also largely successful for the beetle dataset, able to 
discriminate Paropsisterna variicollis* (error rate: 0%) and Pst. agricola (error rate: 
14.28%), but not Pst. m-fuscum (error rate: 100%) or Paropsis aegrota elliotti (error rate: 
100%), with an OOB of 8.33% . Predicting beetle species from the test dataset resulted 
in 95.45% accuracy and a Kappa of 0.8642, with 17 Pst. variicollis* and 4 Pst. agricola 
accurately identified, and 1 Pst. variicollis* misidentified as Pst. m-fuscum. The top ten 
compounds for predicting beetles species were C26, C101, C18, C19, C94, C107, C99, 
C93, C14, and C65, although only C26, C101, C18, and C93 had significant values, 
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meaning these compounds were used for nodes in the decision trees more often than if 
they were chosen at random. (Fig. 29B; Table 7).  
 The third test dataset could distinguish Eucalyptus globulus from Euc. sp. 1, but 
was not as successful as the wasp and beetle datasets discussed above. From the 
training set, the analysis was able to distinguish Euc. sp. 1 (error rate: 11.1%) and Euc. 
globulus (error: 0%) with an OOB of 4.17%. Predicting Eucalyptus species from the test 
dataset resulted in 83.33% accuracy and a Kappa of 0.5714, with four Euc. globulus 
accurately identified, one Euc. globulus and one Euc sp. 1 misidentified. The top ten 
compounds for predicting Eucalyptus species were C104, C93, C96, C80, C107, C69, 
C92, C75, C110, C111, and C9 (Fig. 29C; Table 7). The final machine learning analysis 
was not successful, as it was unable to reliably separate leaves that were damaged (error 
rate: 55.6%) from undamaged (error rate: 100%), with an OOB of 73.33% (Table 5D). 
Predictions made from this test dataset had a low accuracy of 50% and a Kappa of -
0.3333.  
Discussion 
 Infochemical cues play an important and crucial role in parasitoid host location and 
selection (Tumlinson et al. 1993a; Vet and Dicke 1992; Vinson 1976). Vet and Dicke 
(1992) framed the use of these cues by the parasitoid as a tradeoff between reliability 
and detectability, which they called the reliability-detectability problem. Host infochemical 
cues were hypothesized to be a highly reliable indicator of a host’s presence, but due to 
its localized nature would not be detectable over long distances. Alternatively, 
infochemical cues from the plant were hypothesized to be highly detectable but poor 
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indicators of host presence and thus unreliable, unless they were herbivore induced 
volatile compounds. They hypothesized that when a parasitoid that had one or most hosts 
that fed on a single plant species, plant infochemicals become both reliable and 
detectable. In a third scenario in which the parasitoid specializes on a host species that 
feeds upon multiple plant species, host infochemical cues were hypothesized to be highly 
reliable while herbivore induced synomones were not. However, the synomones from 
each plant species could be learned and associated with the host, thus compensating for 
the low detectability of the host kairomones. A fourth and final scenario was discussed by 
Vet and Dicke (1992), in which both the parasitoid and it’s hosts were extreme generalists. 
In this case it was hypothesized that infochemical cues would not be used. Although Vet 
and Dicke (1992) acknowledged each of these four scenarios were extremes on a 
continuum, and that intermediates could be found in a nature, they did not discuss cases 
where there were both oligophagous parasitoids and hosts. This is the situation for Eadya 
wasps, which attack multiple related beetle hosts that feed on multiple related Eucalyptus 
plants and brings into question how these wasps might use infochemicals to locate their 
hosts. 
 For parasitoids that specialize on one host and rely heavily on host infochemicals 
cues, we would expect to see some degree of coevolution leading to cospeciation 
between the parasitoid and host (Page 2003). As Eadya are host flexible (Peixoto et al., 
2018), there would be less expectation of coevolution and cospeciation with their beetle 
hosts. Indeed the data did not support cospeciation in the event-based analysis, but rather 
provided robust evidence for duplication and host-switching/duplication to be the 
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dominate evolutionary events. Although the distance-based analysis demonstrated 
strong congruence between the wasp and beetle phylogenies indicating cospeciation, 
further exploration of the data suggested that cophylogenetic signal was restricted to the 
interactions between Eadya annleckieae and Paropsisterna variicollis (Hutchinson et al. 
2017). This large disparity in cophylogentic signal between E. annleckieae and the rest 
of Eadya can be attributed to sampling error. Peixoto et al. (2018) reared E. annleckieae 
from Paropsis charybdis, Pst. variicollis*, Pst. selmani, and Pst. nobilitata but DNA was 
only successfully extracted for Pst. variicollis*. As a phylogram is required to calculate the 
distances matrixes for the PACo distance-based analysis, only Pst. variicollis* could be 
included, creating a false one to one relationship between Eadya annleckieae and 
Paropsisterna variicollis*. Thus, Eadya annleckieae is the only wasp species with a single 
host association in the distance-based analysis, which biased the analysis and calls into 
question the results of the PACo analysis. Although we cannot rule out the use of host 
infochemical cues in Eadya, given the lack of evidence for cospeciation between the wasp 
and their beetle hosts and their host flexibility, these cues are likely not the dominate 
driver in the location and selection of a suitable host.  
 Although Vet and Dicke (1992) discussed plant and herbivore induced plant 
synomones and hypothesized how the compounds are used in a tritrophic context, this 
was only considered from a top down perspective with the plant influencing the herbivore 
assemblage, in turn influencing the parasitoid. For parasitoids that specialize on a single 
host, the low reliability of plant cues discussed in Vet and Dicke (1992) likely holds true, 
as in most cases these signals cannot guarantee the presence of a suitable host unless 
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they are herbivore induced volatiles (de Moraes et al. 1998). However, this may not be 
the case for less specialized parasitoids that can survive on a wider range of 
phylogenetically related hosts. Rather, plant infochemicals, even if not herbivore induced, 
may be both reliable and detectable for wasps that specialize on a single host tree if they 
can utilize multiple hosts on one tree species. This may allow wasps to reduce competition 
with related wasps through plant specialization rather than host specialization. Here we 
find strong evidence that Eucalyptus infochemicals are species-specific and predict and 
explain the specific species of Eadya parasitoid wasps that are found attacking the beetle 
herbivores (Fig. 27A & D). Further support for this hypothesis is found when comparing 
the host beetles using the phytochemistry of damaged leaves. The Random Forest 
analysis was able to discern the four beetle species with decent accuracy, likely due to 
the large number of Paropsisterna variicollis* collected from Eucalyptus sp. 1. However, 
no separation of the four species was recovered between any of the five principal 
components, as Pst. variicollis* is collected from both Euc. sp. 1 and Euc. globulus (Fig. 
27C). Despite this, Pst. variicollis* being found on both Eucalyptus species, E. 
annleckieae is reared almost exclusively from Pst. variicollis* from Euc. sp. 1, while E. 
daenerys and E. sp. 1 are reared exclusively from beetles on Euc. globulus (Table. 3). 
 We did not find evidence for an herbivore induced response, as no overall pattern 
could be discerned between herbivore damaged and undamaged Euc. globulus leaves 
from the PCA (Fig. 27B) and the Random Forest analysis was unable to predict the two 
leaf types with any accuracy. However, these inconclusive results may be due to the 
methodology of our study. As the herbivore damaged leaves were natural collections, it 
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was not possible to determine when the leaves were damaged in relation to when they 
were collected. The production of volatile compounds is metabolically expensive (Cipollini 
et al. 2018) and cannot be maintained indefinitely. Based on our data, we were unable to 
determine whether herbivore damage induced the production of volatile compounds in 
Eucalyptus globulus, but cannot rule out the possibility until a study can be undertaken 
using methodology better suited for this question (Materić et al. 2015). 
 With this evidence we can amend Vet and Dicke’s (1992) reliability-detectability 
hypothesis to include how infochemicals are used under the scenario in which an 
oligophagous parasitoid utilizes oligophagous hosts. In this ecological context, we expect 
little to no response to host kairomones and no evidence of cospeciation between the 
parasitoid and their hosts, but a strong response to plant synomones and potentially 
herbivore induced plant synomones. Although host kairomones are the most reliable 
indicators of host presence, especially for specialists, plant synonomes, whether induced 
or not, likely play a larger role for oligophagous parasitoids. The ability to successfully 
utilize multiple hosts is an adaptive advantage in instances when the hosts have a patchy 
distribution or small population size, or when multiple parasitoids are competing for a 
limited number of hosts (Price 1971). Further, if the hosts feed on multiple plants, it may 
limit competition to specialize on one plant where different species of usable hosts can 
be found. E. annleckieae and E. daenerys’s wide niche breadth and preference for hosts 
feeding on plants with different chemoprofiles may aid in reducing competition between 
the two species, but further testing is required to definitively establish this.  
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 A diverse array of secondary metabolites that could accurately distinguish between 
the two groups of Eadya were identified by the Random Forest analysis such as the 
monoterpene alpha-Phellandrene (C5), the beta-diketone 10,12-Pentacosanedione 
(C107), and the phenylmethyl ester derivatives of Eicosanoic (C101) and Docosanoic 
acid (C106), both of which are saturated fatty acids (Fig. 29A). Five of these (C78, C101, 
C104, C105, and C106) were also identified by the PCA loading plot as compounds 
contributing to the separation of the two Eadya groups (Fig. 28B Table 7). Although we 
can discern compounds that separate the two groups of Eadya, using our methodology 
and the data collected we have no way to determine which of these compounds, if any, 
are utilized by the species of Eadya. However, given our findings it is clear Eucalyptus 
infochemicals are influencing host use and each of these compounds should be examined 
further using an olfactometer y-tube experiment to directly test for a response across the 
species of Eadya. 
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CHAPTER FOUR: CONCLUSIONS 
 The taxonomic rank of species, being a fundamental unit of biology, allows for 
biologically meaningful comparisons to be made across all subdisciplines. As such, our 
ability to accurately identify and diagnosis cryptic species directly impacts the validity of 
these comparisons. This study used an integrative taxonomic approach, utilizing the 
molecular results of Peixoto et al. (2018) and a multivariate ratio analysis to formally 
described the cryptic species Eadya daenerys sp. n. We redescribed E. paropsidis and 
described two additional non-cryptic species, E. annleckieae sp. n. and E. spitzer sp.n., 
using morphological characters and the results of Peixoto et al. (2018). In addition to this 
E. falcata was redescribed, and E. duncan sp. n. were formally described, using 
morphology. The placement of Eadya is hypothesized to be within the subfamily 
Euphorinae based upon the molecular results of Peixoto et al. (2018) as well as three 
morphological characters: 1) forewing vein 2cu-a is absent; 2) the forewing vein 3RS is 
curved and reaching the costa, creating a small marginal cell; and 3) a petiolate 
metasoma. Finally, a well-illustrated key is provided for all known, and newly described, 
species of Eadya. This study has far reaching implications for the biological control of the 
invasive New Zealand pest Paropsis charybdis. With the cryptic species conundrum 
solved, biological control researchers have been able to thoroughly evaluate E. daenerys 
to ensure the potential for non-target effects if released would be minimal. Confident that 
this was the case (Withers et al. 2019), an application to release E. daenerys as a 
biological control agents was submitted, and approved, by the New Zealand 
Environmental Protection Agency (Agency 2019). This biological control program is 
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forecasted to prevent $7.2 million NZL in yield loss per year, and significantly reduce the 
use of broad-spectrum pesticide use in the New Zealand Eucalyptus industry. 
 The results of Chapter 2, ensuring the accurate delimitation and diagnosis of all 
known species of Eadya, allowed us to further explore the observations made by Peixoto 
et al. (2018). In this study we tested if host niche breadth in Eadya is potentially influenced 
though coevolution with their beetle hosts, or infochemical cues in the form of volatile 
organic compounds from the Eucalyptus. From herbivore damaged leaves of two species 
of Eucalyptus, 112 organic compounds were isolated using gas chromatography mass 
spectroscopy. From the results of the principal component and Random Forest analyses, 
plant infochemicals from two species of Eucalyptus heavily influenced host use between 
three closely related host-flexible species of Eadya. This was supported by the results of 
the cophylogenetic analyses, which indicated cospeciation between the wasp and host 
was not the dominate mechanism of speciation in Eadya. If niche breadth was influenced 
by the hosts, we would expect significant coevolution and thus cospeciation, between 
Eadya and their hosts. With this evidence, we expand upon Vet and Dicke’s (1992) 
hypotheses on how infochemical cues are utilized by parasitoids and natural enemies 
given the reliability-detectability problem to include the scenario in which an oligophagous 
parasitoids utilizes a host that in turn is also oligophagous. This study represents a novel 
small-scale approach to testing the influence of the 1st trophic level on parasitoid niche 
breadth and serves as a starting point to further explore this system. We identified sixteen 
organic compounds that significantly contributed to the separation of the species of 
Eadya, five of which were shared between the principal component and Random Forest 
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analyses. These compounds are strong candidates for future olfactometer y-tube 
experimentation to examine how species of Eadya interact with plant infochemicals. As 
this study was limited in both the species of Eucalyptus and Eadya collected, expanding 
the sampling and including host infochemical, will without a doubt lead to a greater 
understanding of how these cues influence host selection across closely related 
parasitoid species in a tritrophic context. 
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APPENDIX A: FIGURES  
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Figure 1: Multivariate morphometric ratio analysis of female specimens of Eadya paropsidis, and Eadya 
daenerys Ridenbaugh, sp. n. (A) Scatterplot of the first shape principal component plotted against the 
second shape principal component. Black - Eadya paropsidis, Green - Eadya daenerys sp. n. (B) 
Scatterplot of isosize plotted against the first shape principal component. Black - Eadya paropsidis, Green 
- Eadya daenerys sp. n. (C) Ratio spectrum for the first principal component with horizontal bars 
representing 68% confidence based on 1000 bootstrap replicates. (D) Allometry ratio spectrum with 
horizontal bars representing 68% confidence based on 1000 bootstrap replicates.  
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Figure 2: Eadya annleckieae Ridenbaugh, sp. n. holotype. (A) Lateral habitus.(B) Dorsal habitus (C) Fore 
and hindwing. All scale bars are 1mm in length.  
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Figure 3: Eadya annleckieae Ridenbaugh, sp. n. holotype. (A) Head, frontal view. (B) Head, dorsal view. 
(C) Head and mesoscutum, dorsal view. (D) Mesopleuron, lateral view. (E) Propodeum, dorsal view. All 
scale bars are 1mm in length.  
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Figure 4: Eadya daenerys Ridenbaugh, sp. n. (A) Lateral habitus, holotype. (B) Dorsal habitus, holotype. 
(C) Fore and hindwing, paratype. All scale bars are 1mm in length.  
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Figure 5: Eadya daenerys Ridenbaugh, sp. n. paratype. (A) Head, frontal view. (B) Head, dorsal view, arrow 
indicating simple occipital carinae. (C) Head and mesoscutum, dorsal view, paratype. (D) Mesopleuron, 
lateral view, paratype. (E) Propodeum, dorsal view. (F) Propodeum, posterio-dorsal view. All scale bars are 
1mm in length.  
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Figure 6: Eadya duncan Ridenbaugh, sp. n. holotype. (A) Lateral habitus. (B) Dorsal habitus. (C) Fore and 
hind wing. All scale bars are 1mm in length.  
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Figure 7: Eadya duncan Ridenbaugh, sp. n. holotype. (A) Head, frontal view. (B) Head, dorsal view. (C) 
Head and mesoscutum, dorsal view. (D) Mesopleuron, lateral view. (E) Propodeum, dorsal view. All scale 
bars are 1mm in length.  
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Figure 8: Eadya falcata holotype. (A) Lateral habitus. (B) Dorsal habitus. (C) Fore and hindwing. All scale 
bars are 1mm in length.  
 79 
 
Figure 9: Eadya falcata holotype. (A) Head, frontal view. (B) Head, dorsal view, arrow pointing to emarginate 
occipital carinae. (C) Head and mesoscutum, dorsal view. (D) Mesopleuron, lateral view. (E) Propodeum, 
dorsal view.  
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Figure 10: Eadya paropsidis. (A) Lateral habitus. (B) Dorsal habitus. (C) Fore and hindwing. All scale bars 
are 1mm in length.  
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Figure 11: Eadya paropsidis. (A) Head, frontal view. (B) Head, dorsal view, arrow pointing to emarginate 
occipital carinae. (C) Head and mesoscutum, dorsal view. (D) Mesopleuron, lateral view. (E) Propodeum, 
dorsal view. (F) Propodeum, dorsal view, with arrows indicating transverse carinae. All scale bars are 1mm 
in length.  
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Figure 12: Eadya spitzer Ridenbaugh, sp. n. holotype. (A) Lateral habitus. (B) Dorsal habitus. (C) 
Metasoma, lateral view. All scale bars are 1mm in length.  
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Figure 13: Eadya spitzer Ridenbaugh, sp. n. paratype. (A) Lateral habitus. (B) Dorsal habitus. (C) 
Metasoma, lateral view. All scale bars are 1mm in length.  
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Figure 14: Eadya spitzer Ridenbaugh, sp. n. paratype. (A) Head, frontal view. (B) Head, dorsal view. (C) 
Head and mesoscutum, dorsal view. (D) Mesopleuron, lateral view. (E) Propodeum, dorsal view.  
 85 
 
Figure 15: Cytochrome c oxidase subunit 1 amino acid sequences from Peixoto et al. (2018). Boxes indicate 
diagnostic molecular characters. For each sequence a unique corresponding DNA voucher code is listed 
as BJS followed by a number.  
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Figure 16: Characters used in the morphometric analysis. (A) Frontal view of the head illustrating the 
morphometric character malar space (mlr.l), Eadya annleckieae Ridenbaugh, sp. n. paratype. (B) Dorsal 
view of the head illustrating the morphometric characters lateral ocellar line (LOL), ocular ocellar line (OOL), 
posterior ocellar line (POL), and occipital ocellar line (oci.l), Eadya annleckieae Ridenbaugh, sp. n. 
paratype. All scale bars are 1mm in length.  
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Figure 17: Map of collecting locations in Victoria, Australia. This map was generated using the R packages 
“ggmap” (Kahle and Wickham 2013) and “ggplot2” (Wickham 2016).  
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Figure 18: Eadya Bayesian CO1 phylogeny. For all relevant nodes the posterior probabilities are listed. The 
scale bar refers to the number of substitutions per site for tree branches.  
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Figure 19: Eadya CO1 maximum likelihood tree. For all relevant nodes the bootstrap values are listed. The 
scale bar refers to the number of substitutions per site for tree branches.  
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Figure 20: Host Bayesian CO1 phylogeny. For all relevant nodes the posterior probabilities are listed. The 
scale bar refers to the number of substitutions per site for tree branches.  
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Figure 21: Host CO1 maximum likelihood tree. For all relevant nodes the bootstrap values are listed. The 
scale bar refers to the number of substitutions per site for tree branches.  
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Figure 22: PACo Eadya CO1 Bayesian tree. For all relevant nodes the posterior probabilities are listed. The 
scale bar refers to the number of substitutions per site for tree branches.  
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Figure 23: PACo host CO1 Bayesian tree. For all relevant nodes the posterior probabilities are listed. The 
scale bar refers to the number of substitutions per site for tree branches.  
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Figure 24: Jane 4 default dost co-phylogeny. Cospeciation events are indicated by a white circle. 
Duplication events are indicated by a solid colored circle. Duplication and Host Switch events are indicated 
by a solid colored circle and an arrow. Loss events are indicated by a dashed line. Failure to Diverge events 
are indicated by a squiggly line.  
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Figure 25: Jane 4 alternative cost co-phylogeny. Cospeciation events are indicated by a white circle. 
Duplication events are indicated by a solid colored circle. Duplication and Host Switch events are indicated 
by a solid colored circle and an arrow. Loss events are indicated by a dashed line. Failure to Diverge events 
are indicated by a squiggly line.  
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Figure 26: Principal component analysis plots. (A) Plot of first and second component comparing 
Eucalyptus species using both damaged and undamaged leaves. (B) Plot of the second and third 
component comparing Eadya species using damaged Eucalyptus leaves. (C) Plot of the second and fourth 
component comparing Eadya species using damaged Eucalyptus leaves. (D) Plot of the second and fifth 
component comparing Eadya species using damaged Eucalyptus leaves  
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Figure 27: Principal component analysis plots. (A) Plot of first and third component comparing Eucalyptus 
species using both damaged and undamaged leaves. (B) Plot of first and second component comparing 
Eucalyptus globulus damaged and undamaged leaves. (C) Plot of first and second component comparing 
beetle species using damaged Eucalyptus leaves. (D) Plot of the first and second component comparing 
Eadya species using damaged Eucalyptus leaves.  
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Figure 28: Principal component analysis loading plots. (A) Plot of variables for the first and third component 
comparing Eucalyptus species using both damaged and undamaged leaves. (B) Plot of variables for the 
first and second component comparing Eadya species using damaged Eucalyptus leaves. Variables are 
colored by their cos2 value, an indicator of the importance of that variables for the principal component.  
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Figure 29: Random Forest multi-way importance plots for (A) Eadya, (B) their beetle hosts, and (C) the 
Eucalyptus. For each plot the top ten variables are outlined in black, and the each variable is colored by p-





Table 1: List of all materials examined along with collecting localities, its type designation and location of deposition, and associated DNA 
voucher number or unique identifier. Eadya annleckieae Ridenbaugh, sp. n. is referred to as Eadya sp.1, Eadya spitzer Ridenbaugh, sp. n. 








Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS204 
Runnymede Site #1 TAS; Paropsisterna 
tasmanica 18.Dec.2012; G.R. Allen; Host 
larvae collected in field after oviposition 




    X 
BJS205 
Runnymede Site #1 TAS; Paropsisterna 
tasmanica 18.Dec.2012; G.R. Allen; Host 
larvae collected in field after oviposition 




    X 
BJS206 
Runnymede Site #1 TAS; Paropsis 





      
BJS239 
Runnymede Site #1 TAS; Paropsisterna 
tasmanica 18.Dec.2012; G.R. Allen; Host 
larvae collected in field after oviposition 




    X 
BJS240 
Runnymede Site #1, TAS; Eadya 
paropsidis larva. Emerged from field 





      
BJS241 
Runnymede Site #1 TAS; Paropsisterna 
tasmanica 18.Dec.2012; G.R. Allen; Host 
larvae collected in field after oviposition 




    X 
BJS243 
Runnymede Site #1 TAS; Paropsisterna 
tasmanica 18.Dec.2012; G.R. Allen; Host 
larvae collected in field after oviposition 




      
BJS389 
Runnymede Site #1, TAS; Eadya 
paropsidis adult dissected from P. 















Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS397 
Runnymede Site #1, TAS; Eadya 
paropsidis larva. Emerged from field 




      
BJS399 
Runnymede Site #1, TAS; Eadya 
paropsidis larva. Emerged from field 




      
BJS554 
The Lea, TAS; Eadya paropsidis larva. 
Emerged from field collected P. tasmanica. 




      
BJS562 
Runnymede Site #1, TAS; Eadya 
paropsidis cocoon. Emerged from P. 




      
ANIC 
Paratype 
Canberra, A.C.T. 1. 10. 1957. Dissected 
from cocoon. Parasite of Paropsis 
reticulata. CIE COLL No 18079. Eadya 
paropsidis Paratype ♀ det T. Huddleston, 
1977. Aust. Nat. Ins. Coll. 
E. paropsidis     ANIC X 
UCFC 0 567 
693 
Runnymede Site #1, TAS. 16 Dec 2015. 
42° 38' 11.1" S, 147° 33' 54.7" E. Flying 
Adult. D Satchell. Female FW4. UCFC 0 
567 693. 
E. paropsidis       X 
FW2 
Runnymede Site #1, TAS. 22 Dec 2015. 
42° 38' 08.9" S, 147° 33' 57.9" E. Flying 
Adult. GR Allen. Male FW2.  
E. paropsidis         
UCFC 0 567 
694 
Runnymede Site #1, TAS. 18 Dec 2012. In 
host, P. tasmanica. GR Allen. TAS1. 
UCFC 0 567 694. 
E. paropsidis       X 
UCFC 0 567 
695 
Runnymede Site #1, TAS. 22 Dec 2015. 
42° 38' 08.9" S, 147° 33' 57.9" E. Flying 
Adult. GR Allen. Male FW8a. UCFC 0 567 
695. 
E. paropsidis         
ANIC 
Holotype 
Canberra, A.C.T., Em. 1. 1. 58 cx, host 
larva coll. 4. 1. 57. Parasite of Paropsis 
reticulata. C.I.E. COLL. NO. 18079. Eadya 
paropsidis Holotype det. T. Huddleston, 
1977. ANIC Database No. 32 111891 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
ANIC 
Holotype 
18 miles W. of Mogumber, WA. 13 April 
1968 I.F.B. Common & M.S. Upton. A39. 
Eadya falcata Holotype ♀ det. 
T.Huddleston, 1977. Aust. Nat. Ins. Coll. 
E. falcata   ANIC     
ANIC 
Paratype 
18 miles W. of Mogumber, WA. 13 April 
1968 I.F.B. Common & M.S. Upton. Eadya 
falcata Paratype ♂  det. T.Huddleston, 
1977. Aust. Nat. Ins. Coll. 
E. falcata     ANIC   
BJS196 
Moina TAS S41 29.5'E 152 04.7' Paropsis 
charybdis sentinel; Emerged 2.JAN.2013 
G.R. Allen E127 
E. sp.1 E. sp.1   ANIC   
BJS214 
Karanja, TAS; Eadya paropsidis larva. 
Emerged from field collected ? Paropsis 
nobilitata. 27 Nov 2013. V. Patel 
  E. sp.1       
BJS215 
Karanja, TAS; Eadya paropsidis larva. 
Emerged from field collected ? Paropsis 
nobilitata. 27 Nov 2013. V. Patel 
  E. sp.1       
BJS216 
Runnymede Site #2, TAS; Eadya 
paropsidis larva. Emerged from field 
collected Pst. variicollis*. 27 Dec 2013. 
S42°40' E147°31'. V. Patel 
  E. sp.1       
BJS217 
Runnymede Site #2, TAS; Eadya 
paropsidis larva. Emerged from field 
collected Pst. variicollis*. 27 Dec 2013. 
S42°40' E147°31'. V. Patel 
  E. sp.1       
BJS218 
Runnymede Site #2, TAS; Eadya 
paropsidis larva. Emerged from field 
collected Pst. variicollis*. V. Patel 
  E. sp.1       
BJS219 
Runnymede Site #2, TAS; Eadya 
paropsidis larva. Emerged from field 
collected Pst. variicollis*. 27 Dec 2013. 
S42°40' E147°31'. V. Patel 
  E. sp.1       
BJS220 
Runnymede Site #2, TAS; Eadya 
paropsidis larva. Emerged from field 
collected Pst. variicollis*. 27 Dec 2013. 
S42°40' E147°31'. V. Patel 










Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS221 
Runnymede Site #2, TAS; Eadya 
paropsidis larva. Emerged from field 
collected Pst. variicollis*. 27 Dec 2013. V. 
Patel 
  E. sp.1       
BJS226 
Moina, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
charybdis. 17 Dec 2013. 
  E. sp.1       
BJS377 
The Lea, TAS #12, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS378 
The Lea, TAS #12, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS379 
The Lea, TAS #12, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS380 
The Lea, TAS #12, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS381 
The Lea, TAS #12, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS382 
The Lea, TAS #12, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS383 
The Lea, TAS #12, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS384 
The Lea, TAS #12b, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS385 
The Lea, TAS #12b, Eadya paropsidis 
larva. Emerged from Pst. variicollis* 4 Dec 
2014 
  E. sp.1       
BJS386 
The Lea, TAS #12b, Eadya paropsidis 
larva. Emerged from Pst. variicollis* 4 Dec 
2014 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS387 
The Lea, TAS #12b, Eadya paropsidis 
cocoon (white). Emerged from Pst. 
variicollis* 4 Dec 2014 
  E. sp.1       
BJS388 
Runnymede Site #1, TAS, Eadya 
paropsidis larva. Emerged from Pst. 
variicollis* 12 Feb 2015. GR. Allen 
  E. sp.1       
BJS403 
Moina, TAS RedWhite1B; Eadya 
paropsidis larva from Pst. selmani sentinel. 
6 Dec 2011. GR. Allen 
  E. sp.1       
BJS404 
Moina, TAS RedWhite1B(2); Eadya 
paropsidis larva from Pst. selmani sentinel. 
6 Dec 2011. GR. Allen 
  E. sp.1       
BJS405 
Moina, TAS RedWhite3A; Eadya 
paropsidis larva from Pst. selmani sentinel. 
6 Dec 2011. GR. Allen 
  E. sp.1       
BJS406 
Moina, TAS RedWhite3A(2); Eadya 
paropsidis larva from Pst. selmani sentinel. 
6 Dec 2011. GR. Allen 
  E. sp.1       
BJS407 
Moina, TAS RedWhite3A(3); Eadya 
paropsidis larva from Pst. selmani sentinel. 
6 Dec 2011. GR. Allen 
  E. sp.1       
BJS408 
Moina, TAS RedWhite3A(4); Eadya 
paropsidis larva from Pst. selmani sentinel. 
6 Dec 2011. GR. Allen 
  E. sp.1       
BJS409 
Moina, TAS Blue1B; Eadya paropsidis 
larva from P. charybdis sentinel. 6 Dec 
2011. GR. Allen 
  E. sp.1       
BJS501 
The Lea, TAS #12, Eadya paropsidis 
cocoon (brown). Emerged from Pst. 
variicollis* 4 Dec 2014, UCFC 0 567 827.  
E. sp.1 E. sp.1   UCFC   
BJS564 
Runnymede Site #1, TAS; Eadya 
paropsidis cocoon. Emerged from Pst. 
variicollis*. 5 Jan 2016. GR Allen 
  E. sp.1       
BJS566 
Runnymede Site #1, TAS; Eadya 
paropsidis cocoon. Emerged from Pst. 
variicollis*. 5 Jan 2016. GR Allen 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
FW100 
Ellendale, TAS. ♀. 21a. 10 Dec 2014. D 
Satchell.  
E. sp.1   ANIC     
BJS199 
The Lea TAS. 11.Dec.2012; Em. 
26.Dec.2012; G.R. Allen; Field collected in 
P. charybdis. E135 
E. sp.2 E. sp.2 ANIC     
BJS553 
Runnymede Site #2, TAS; Eadya 
paropsidis larva. Emerged from field 
collected P. aegrota elliotti. 11 Dec 2013. 
GR Allen 
  E. sp.2       
FW5 
Runnymede Site #1, TAS. 13 Dec 2015. 
42° 38' 11.1" S, 147° 33' 54.7" E. Flying 
Adult. D Satchell. Female.  
E. sp.2     ANIC   
BJS175 
Moina TAS S41 29.5'E 152 04.7' Dec2012; 
T.M. Withers 
  E. sp.3       
BJS177 
Moina TAS S41 29.5'E 152 04.7' Dec2012; 
T.M. Withers 
  E. sp.3       
BJS179 
Moina TAS S41 29.5'E 152 04.7' Dec2012; 
T.M. Withers 
  E. sp.3       
BJS180 
Moina TAS S41 29.5'E 152 04.7' Dec2012; 
T.M. Withers 
  E. sp.3       
BJS182 
Moina TAS S41 29.5'E 152 04.7' Dec2012; 
T.M. Withers 
  E. sp.3       
BJS183 
Moina TAS S41 29.5'E 152 04.7' Dec2012; 
T.M. Withers 
  E. sp.3       
BJS184 
Ellendale TAS. Paropsis charybdis 
sentinel trial 11. Dec.2012; Em. 
28.dec.2012; G.R. Allen; E53 
  E. sp.3       
BJS186 
Ellendale TAS. Paropsis charybdis 
sentinel (correction made on original 
document) Emereged 28.Dec.2012; G.R. 
Allen; E54; UCFC 0 567 696. 
E. sp.3 E. sp.3     X 
BJS188 
Moina TAS S41 29.5'E 152 04.7' Dec2012; 
T.M. Withers 
  E. sp.3       
BJS189 
Moina TAS S41 29.5'E 152 04.7' Dec2012; 
T.M. Withers 










Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS191 
Moina TAS S41 29.5'E 152 04.7' 
Paropsisterna agricola sentinel; 
28.Dec.2012; T.M. Withers E69 
E. sp.3 E. sp.3       
BJS192 
Ellendale TAS. Paropsis charybdis 
(corrected from original document) sentinel 
trial 11.Dec.2012; Em. 28-30.Dec.2012; 
G.R. Allen 
  E. sp.3       
BJS194 
Ellendale TAS. Paropsisterna agricola 
sentinel trial 11.Dec.2012; Em. 28-
30.Dec.2012; G.R. Allen 
  E. sp.3       
BJS202 
Moina TAS S41 29.5'E 152 04.7' Dec 
2012; T. Withers; Netted flying in the field; 
UCFC 0 567 697.  
E. sp.3 E. sp.3       
BJS203 
Moina TAS S41 29.5'E 152 04.7' Dec 
2012; T. Withers; Netted flying in the field 
E. sp.3 E. sp.3       
BJS213 
Karanja, TAS; Eadya paropsidis larva. 
Emerged from field collected ? Paropsis 
nobilitata. 27 Nov 2013. V. Patel 
  E. sp.3       
BJS223 
Ellendale, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
charybdis. 23 Dec 2013. D. Satchell 
  E. sp.3       
BJS224 
Ellendale, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
charybdis. 23 Dec 2013. D. Satchell 
  E. sp.3       
BJS225 
Ellendale, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
charybdis. 23 Dec 2013. D. Satchell 
  E. sp.3       
BJS227 
Moina, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
agricola. 17 Dec 2013. 
  E. sp.3       
BJS228 
Moina, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
agricola. 17 Dec 2013. 










Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS229 
Moina, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
agricola. 17 Dec 2013. 
  E. sp.3       
BJS230 
Moina, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
agricola. 17 Dec 2013. 
  E. sp.3       
BJS231 
Moina, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
agricola. 17 Dec 2013. 
  E. sp.3       
BJS232 
Moina, TAS; Eadya paropsidis larva. 
Emerged from field collected Paropsis 
agricola. 17 Dec 2013. 
  E. sp.3       
BJS233 
Runnymede Site #2, TAS; Eadya 
Paropsidis larva. Emerged from field 
collected Paropsis agricola. 11 Dec 2013. 
S42°40' E147°31' 
  E. sp.3       
BJS234 
Runnymede Site #2, TAS; Eadya 
Paropsidis larva. Emerged from field 
collected Paropsis agricola. 11 Dec 2013. 
S42°40' E147°31' 
  E. sp.3       
BJS235 
Runnymede Site #2, TAS; Eadya 
Paropsidis larva. Emerged from field 
collected Paropsis agricola. 11 Dec 2013. 
S42°40' E147°31' 
  E. sp.3       
BJS236 
Runnymede Site #2, TAS; Eadya 
Paropsidis larva. Emerged from field 
collected Paropsis agricola. 11 Dec 2013. 
S42°40' E147°31' 
  E. sp.3       
BJS237 
Runnymede Site #2, TAS; Eadya 
Paropsidis larva. Emerged from field 
collected Paropsis agricola. 11 Dec 2013. 
S42°40' E147°31' 
  E. sp.3       
BJS238 
Runnymede Site #2, TAS; Eadya 
Paropsidis larva. Emerged from field 
collected Paropsis agricola. 11 Dec 2013. 
S42°40' E147°31' 










Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS245 
Moina, TAS. Eadya paropsidis female. 17 
Dec 2013. 
E. sp.3 E. sp.3     X 
BJS246 
Moina, TAS. Eadya paropsidis female. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS247 
Moina, TAS. Eadya paropsidis female. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS248 
Moina, TAS. Eadya paropsidis female. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS249 
Moina, TAS. Eadya paropsidis female. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS251 
Moina, TAS. Eadya paropsidis female. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS252 
Moina, TAS. Eadya paropsidis female. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS250 
Moina, TAS. Eadya paropsidis female. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS253 
Moina, TAS. Eadya paropsidis female. 2 
Dec 2013. 
E. sp.3 E. sp.3       
BJS254 
Moina, TAS. Eadya paropsidis female. 2 
Dec 2013. 
E. sp.3 E. sp.3       
BJS255 
Moina, TAS. Eadya paropsidis female. 2 
Dec 2013. 
E. sp.3 E. sp.3       
BJS256 
Moina, TAS. Eadya paropsidis male. 2 
Dec 2013. UCFC 0 567 698. 
E. sp.3 E. sp.3       
BJS257 
Moina, TAS. Eadya paropsidis male. 2 
Dec 2013. UCFC 0 567 699. 
E. sp.3 E. sp.3       
BJS258 
Moina, TAS. Eadya paropsidis male. 2 
Dec 2013. UCFC 0 567 700. 
E. sp.3 E. sp.3       
BJS259 
Moina, TAS. Eadya paropsidis male. 2 
Dec 2013. 
E. sp.3 E. sp.3       
BJS260 
Moina, TAS. Eadya paropsidis male. 2 
Dec 2013. 
E. sp.3 E. sp.3       
BJS261 
Moina, TAS. Eadya paropsidis male. 2 
Dec 2013. UCFC 0 567 701. 










Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS262 
Moina, TAS. Eadya paropsidis male. 2 
Dec 2013. UCFC 0 567 702. 
E. sp.3 E. sp.3       
BJS263 
Moina, TAS. Eadya paropsidis male. 17 
Dec 2013. UCFC 0 567 703. 
E. sp.3 E. sp.3       
BJS264 
Moina, TAS. Eadya paropsidis male. 17 
Dec 2013. UCFC 0 567 704. 
E. sp.3 E. sp.3       
BJS265 
Moina, TAS. Eadya paropsidis male. 17 
Dec 2013. UCFC 0 567 705. 
E. sp.3 E. sp.3       
BJS266 
Moina, TAS. Eadya paropsidis male. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS267 
Moina, TAS. Eadya paropsidis male. 17 
Dec 2013. 
E. sp.3 E. sp.3       
BJS268 
Moina, TAS. Eadya paropsidis male. 17 
Dec 2013. UCFC 0 567 706. 
E. sp.3 E. sp.3       
BJS269 
Moina, TAS. Eadya paropsidis male. 17 
Dec 2013. UCFC 0 567 707. 
E. sp.3 E. sp.3       
BJS287 
Moina, TAS. Eadya paropsidis male. 5 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS288 
Moina, TAS. Eadya paropsidis male. 5 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS289 
Moina, TAS. Eadya paropsidis male. 5 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS290 
Moina, TAS. Eadya paropsidis male. 5 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS291 
Moina, TAS. Eadya paropsidis male. 5 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS292 
Moina, TAS. Eadya paropsidis female. 5 
Dec 2014. D. Satchell. UCFC 0 567 708. 
E. sp.3 E. sp.3       
BJS293 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 7 Dec 2014. D. Satchell 










Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS294 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 7 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS295 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 7 Dec 2014. D. Satchell. 
UCFC 0 567 709. 
E. sp.3 E. sp.3       
BJS296 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 7 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS297 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 8 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS298 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 8 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS299 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 8 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS300 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 8 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS301 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 8 Dec 2014. D. Satchell. 
UCFC 0 567 710. 
E. sp.3 E. sp.3       
BJS302 
Runnymede Site #1, TAS. Eadya 
paropsidis female. 8 Dec 2014. D. 
Satchell. UCFC 0 567 711.  
E. sp.3 E. sp.3       
BJS303 
Runnymede Site #1, TAS. Eadya 
paropsidis female. 8 Dec 2014. D. 
Satchell. UCFC 0 567 712.  
E. sp.3 E. sp.3       
BJS304 
Runnymede Site #1, TAS. Eadya 
paropsidis female. 8 Dec 2014. D. 
Satchell. UCFC 0 567 713. 
E. sp.3 E. sp.3       
BJS305 
Runnymede Site #1, TAS. Eadya 
paropsidis female. 8 Dec 2014. D. 
Satchell. UCFC 0 567 714. 
E. sp.3 E. sp.3       
BJS306 
Runnymede Site #1, TAS. Eadya 
paropsidis female. 8 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS307 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 9 Dec 2014. D. Satchell 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS308 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 9 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS309 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 9 Dec 2014. D. Satchell. 
UCFC 0 567 715. 
E. sp.3 E. sp.3       
BJS310 
Runnymede Site #1, TAS. Eadya 
paropsidis male. 9 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS312 
Runnymede Site #1, TAS. Eadya 
paropsidis female. 9 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS313 
Runnymede Site #1, TAS. Eadya 
paropsidis female. 9 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS314 
Runnymede Site #1, TAS. Eadya 
paropsidis female. 9 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS315 
Ellendale, TAS. Eadya paropsidis female. 
10 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS316 
Ellendale, TAS. Eadya paropsidis female. 
10 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS317 
Ellendale, TAS. Eadya paropsidis female. 
10 Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS318 
Ellendale, TAS. Eadya paropsidis female. 
10 Dec 2014. D. Satchell. UCFC 0 567 
716. 
E. sp.3 E. sp.3       
BJS319 
Moina, TAS. Eadya paropsidis male. 11 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS320 
Moina, TAS. Eadya paropsidis male. 11 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS321 
Moina, TAS. Eadya paropsidis male. 11 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS322 
Moina, TAS. Eadya paropsidis male. 11 
Dec 2014. D. Satchell 
E. sp.3 E. sp.3       
BJS323 
Moina, TAS. Eadya paropsidis male. 11 
Dec 2014. D. Satchell 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS324 
Ellendale, TAS. Eadya paropsidis adult 
female. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS325 
Ellendale, TAS. Eadya paropsidis adult 
female. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS326 
Ellendale, TAS. Eadya paropsidis adult 
female. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS327 
Ellendale, TAS. Eadya paropsidis adult 
female. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS328 
Ellendale, TAS. Eadya paropsidis adult 
female. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS329 
Ellendale, TAS. Eadya paropsidis adult 
female. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS330 
Ellendale, TAS. Eadya paropsidis adult 
female. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS331 
Ellendale, TAS. Eadya paropsidis adult 
male. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS332 
Ellendale, TAS. Eadya paropsidis adult 
male. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS333 
Ellendale, TAS. Eadya paropsidis adult 
male. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014 
E. sp.3 E. sp.3       
BJS334 
Ellendale, TAS. Eadya paropsidis adult 
male. Emerged from field collected Pst. 
agricola 28e. 10 Dec 2014.  UCFC 0 567 
718. 
E. sp.3 E. sp.3       
BJS335 
Moina, TAS. Eadya paropsidis adult male. 
Emerged from field collected Pst. agricola 
33d. 11 Dec 2014 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS336 
Moina, TAS. Eadya paropsidis adult 
female. Emerged from field collected Pst. 
agricola 33d. 11 Dec 2014. UCFC 0 567 
717. 
E. sp.3 E. sp.3       
BJS337 
Runnymede Site #1, TAS. Eadya 
paropsidis adult female. Emerged from 
field collected Pst. agricola 49a. 9 Dec 
2014. UCFC 0 567 719. 
E. sp.3 E. sp.3       
BJS338 
Runnymede Site #1, TAS. Eadya 
paropsidis adult female. Emerged from 
field collected Pst. agricola 50b. 9 Dec 
2014. UCFC 0 567 720.  
E. sp.3 E. sp.3       
BJS339 
Runnymede Site #1, TAS. Eadya 
paropsidis adult female. Emerged from 
field collected Pst. agricola 50b. 9 Dec 
2014. UCFC 0 567 721.  
E. sp.3 E. sp.3       
BJS341 
Runnymede Site #1, TAS #47b; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS342 
Runnymede Site #1, TAS #48b; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS343 
Runnymede Site #1, TAS #48c; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS344 
Runnymede Site #1, TAS #50a; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS345 
Runnymede Site #1, TAS #31a; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 










Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS346 
Runnymede Site #1, TAS #31a; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS347 
Runnymede Site #1, TAS #31a; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS348 
Runnymede Site #1, TAS #31b; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS349 
Runnymede Site #1, TAS #31b; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola. 9 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS350 
Ellendale, TAS #28a; Eadya paropsidis 
larva. Emerged from field collected Pst. 
agricola. 10 Dec 2014. GR. Allen 
  E. sp.3       
BJS351 
Ellendale, TAS #28a; Eadya paropsidis 
larva. Emerged from field collected Pst. 
agricola. 10 Dec 2014. GR. Allen 
  E. sp.3       
BJS352 
Ellendale, TAS #28a; Eadya paropsidis 
larva. Emerged from field collected Pst. 
agricola. 10 Dec 2014. GR. Allen 
  E. sp.3       
BJS353 
Ellendale, TAS #28b; Eadya paropsidis 
larva. Emerged from field collected Pst. 
agricola. 10 Dec 2014. GR. Allen 
  E. sp.3       
BJS354 
Ellendale, TAS #28c; Eadya paropsidis 
larva. Emerged from field collected Pst. 
agricola. 10 Dec 2014. GR. Allen 
  E. sp.3       
BJS355 
Ellendale, TAS #28c; Eadya paropsidis 
larva. Emerged from field collected Pst. 
agricola. 10 Dec 2014. GR. Allen 
  E. sp.3       
BJS359 
Moina, TAS #33b; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola. 
11 Dec 2014. GR. Allen 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS361 
Moina, TAS #33e; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola. 
11 Dec 2014. GR. Allen 
  E. sp.3       
BJS362 
Moina, TAS #33g; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola. 
11 Dec 2014. GR. Allen 
  E. sp.3       
BJS363 
Moina, TAS #35c; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola. 
11 Dec 2014. GR. Allen 
  E. sp.3       
BJS364 
Moina, TAS #35d; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola. 
11 Dec 2014. GR. Allen 
  E. sp.3       
BJS366 
Moina, TAS #37b; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola. 
11 Dec 2014. GR. Allen 
  E. sp.3       
BJS367 
Moina, TAS #37c; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola. 
11 Dec 2014. GR. Allen 
  E. sp.3       
BJS368 
Moina, TAS #37d; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola. 
11 Dec 2014. GR. Allen 
  E. sp.3       
BJS369 
Moina, TAS #33a; Eadya paropsidis 
cocoon (white). Emerged from field 
collected Pst. agricola. 11 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS370 
Moina, TAS #33d; Eadya paropsidis 
cocoon (white). Emerged from field 
collected Pst. agricola. 11 Dec 2014. GR. 
Allen 
  E. sp.3       
BJS371 
Runnymede Site #1, TAS; Eadya 
paropsidis larva. Emerged from field 
collected Pst. agricola 12 Feb 2015. GR. 
Allen 
  E. sp.3       
BJS372 
Runnymede Site #1, TAS #18; Eadya 
paropsidis larva. Emerged from field 
collected P. charybdis. 9 Dec 2014. GR. 
Allen 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
BJS373 
Ellendale, TAS #27c; Eadya paropsidis 
larva. Emerged from field collected Pst. 
bimaculata. 10 Dec 2014. GR. Allen 
  E. sp.3       
BJS374 
Moina, TAS. Eadya paropsidis adult male. 
Emerged from field collected Pst. 
agricola/charybdis? 35a. 11 Dec 2014 
E. sp.3 E. sp.3       
BJS376 
Moina, TAS #42; Eadya paropsidis cocoon 
(white). Emerged from field collected Pst. 
bimaculata. 11 Dec 2014. GR. Allen 
  E. sp.3       
BJS391 
Moina, TAS; Eadya paropsidis female 
adult dissected from Pst. agricola. Pa27 17 
Dec 2013 
E. sp.3 E. sp.3       
BJS393 
Ellendale, TAS; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola 
E117. 11 Dec 2012 
  E. sp.3       
BJS394 
Ellendale, TAS; Eadya paropsidis larva. 
Emerged from field collected Pst. agricola 
E118. 11 Dec 2012 
  E. sp.3       
BJS410 
Moina, TAS E71; Eadya paropsidis larva 
from Pst. agricola sentinel. 6 Dec 2012 
  E. sp.3       
Pin #8 
Frankford, TAS. ♀. 3 Dec 2001. AD Rice. 
NT#5. Pin #8. 
E. sp.3   ANIC   X 
UCFC 0 567 
722 
Moina, TAS; S41 29.5' E152 04.7'; netted 
flying in field. Dec. 2012; T Withers. UCFC 
0 567 722. 
E. sp.3         
UCFC 0 567 
723 
Frankford, TAS. 2 Jan 2002. Malaise Trap. 
AD Rice, MT6. UCFC 0 567 723. 
E. sp.3         
UCFC 0 567 
724 
Moina, TAS; S41 29.5' E152 04.7'; netted 
flying in field. Dec. 2012; T Withers. UCFC 
0 567 724. 
E. sp.3         
UCFC 0 567 
725 
Frankford, TAS. 2 Jan 2002. Malaise Trap. 
AD Rice, MT6. UCFC 0 567 725. 
E. sp.3         
UCFC 0 567 
726 
Runnymede  TAS, 24 Nov 2015. 42 38' 
13.3"S 147 33' 53.8"E. malaise trap GR 
Allen ♂. MTM9. UCFC 0 567 726. 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
UCFC 0 567 
727 
Runnymede  TAS, 16 Dec 2015. 42 38' 
08.9"S 147 33' 57.9"E. flying adult GR 
Allen ♂. M87. UCFC 0 567 727. 
E. sp.3         
UCFC 0 567 
728 
Runnymede  TAS, 24 Nov 2015. 42 38' 
13.3"S 147 33' 53.8"E. malaise trap GR 
Allen ♂. MTM7. UCFC 0 567 728. 
E. sp.3         
UCFC 0 567 
729 
Runnymede TAS. E130. pup 7 Jan 2013. 
P. charybdis sentinal GR Allen. UCFC 0 
567 729.  
E. sp.3         
MTM2 
Runnymede  TAS, 24 Nov 2015. 42 38' 
13.3"S 147 33' 53.8"E. malaise trap GR 
Allen ♂. MTM2. 
E. sp.3     A.E.I.   
UCFC 0 567 
730 
Frankford TAS ♂. 19 Nov 2001. AD Rice 
NT#4. Pin #12. UCFC 0 567 730.  
E. sp.3         
EM2 
Ellendale TAS ♂. 14 Dec 2015. D Satchell. 
EM2. 
E. sp.3     A.E.I.   
UCFC 0 567 
731 
Frankford, TAS. 2 Jan 2002. Malaise Trap, 
AD Rice. MT6.  
E. sp.3         
UCFC 0 567 
732 
Moina, TAS; S41 29.5' E152 04.7'; netted 
flying in field. Dec. 2012; T Withers. UCFC 
0 567 732. 
E. sp.3         
Pin #11 
Frankford TAS ♂. 19 Nov 2001. AD Rice 
NT#5. Pin #11. 
E. sp.3         
MTM32 
Runnymede TAS. 9 Dec 2015. 42 38' 
13.3"S, 147 33' 53.8'E. malaise trap. GR 
Allen ♂. MTM32.  
E. sp.3         
MTM10 
Runnymede  TAS, 24 Nov 2015. 42 38' 
13.3"S 147 33' 53.8"E. malaise trap GR 
Allen ♂. MTM10. 
E. sp.3         
MTM14 
Runnymede  TAS, 24 Nov 2015. 42 38' 
13.3"S 147 33' 53.8"E. malaise trap GR 
Allen ♂. MTM14. 
E. sp.3         
EM1 
Ellendale TAS ♂. 14 Dec 2015. D Satchell. 
EM1. 
E. sp.3         
MTM1 
Runnymede  TAS, 24 Nov 2015. 42 38' 
13.3"S 147 33' 53.8"E. malaise trap GR 
Allen ♂. MTM1 









Type Specimen Morphometrical 
Analysis Holotype Paratype 
ANIC Variant 
#1 
The Creel, Kosciusko NSW. 8 Nov 1961. 
EF Riek. A35. Eadya ? sp, near 
paropsidis. det T. Huddleston, 1977. Aust 
Nat. Ins. Coll.  
E. sp.3     ANIC   
ANIC Variant 
#2 
Canberra ACT. 19 Nov 1958. EF Riek. 
A34. Eadya ? sp, near paropsidis. det T. 
Huddleston, 1977. Aust. Nat. Ins. Coll.  
E. sp.3     ANIC   
ANIC Variant 
#3 
Canberra ACT. 26 Nov 1959. EF Riek. 
Eadya ? sp, near paropsidis. det T. 
Huddleston, 1977. Aust. Nat. Ins. Coll.  
E. sp.3     ANIC   
ANIC Variant 
#4 
Canberra ACT. 26 Nov 1959. EF Riek. 
Eadya ? sp, near paropsidis. det T. 
Huddleston, 1977. Aust. Nat. Ins. Coll.  
E. sp.3     ANIC   
ANIC Variant 
#5 
Canberra ACT. 30 Nov 1959. EF Riek. 
Eadya ? sp, near paropsidis. det. T. 
Huddleston, 1977. Aust. Nat. Ins. Coll.  
E. sp.3     ANIC   
ANIC Variant 
#6 
Canberra ACT. 18 Nov 1960. EF Riek. 
Eadya ? sp, near paropsidis. det. T. 
Huddleston, 1977. Aust. Nat. Ins. Coll.  
E. sp.3     ANIC   
ANIC Variant 
#7 
Canberra ACT. 24 Nov 1960. EF Riek. 
A35. Eadya ? sp, near paropsidis. det. T. 
Huddleston, 1977. Aust. Nat. Ins. Coll.  
E. sp.3     ANIC   
ANIC Variant 
#8 
Black Mt. F.C.T. (ACT). 10 XI 30. W. 
Broce. Eadya ? sp, near paropsidis. det. T. 
Huddleston, 1977. Aust. Nat. Ins. Coll.  
E. sp.3     ANIC   
Pin #3 
Frankford TAS ♀. 27 Nov 2000. AD Rice. 
Em Trap #1. Pin #3. 
E. sp.3     A.E.I. X 
UCFC 0 567 
733 
Frankford TAS ♀. 7 Nov 2000. AD Rice. 
Em Trap #1. Pin #1. UCFC 0 567 733. 
E. sp.3       X 
UCFC 0 567 
734 
Runnymede TAS ♀ R1. 8 Dec 2014. flying 
adult D Satchell. UCFC 0 567 734. 
E. sp.3         
UCFC 0 567 
735 
Frankford. TAS 2 Jan 2002. Malaise Trap, 
AD Rice. MT6. UCFC 0 567 735.  









Type Specimen Morphometrical 
Analysis Holotype Paratype 
UCFC 0 567 
736 
Frankford TAS ♀. 19 Nov 2001. AD Rice. 
NT#5. Pin #5. UCFC 0 567 736.  
E. sp.3     UCFC X 
UCFC 0 567 
737 
Frankford TAS ♀. 3 Dec 2001. AD Rice 
NT#5. Pin #9. UCFC 0567 737. 
E. sp.3     UCFC X 
UCFC 0 567 
738 
Frankford TAS ♀. 3 Dec 2001. AD Rice 
NT#5. Pin #10. UCFC 0567 738. 
E. sp.3     UCFC X 
UCFC 0 567 
739 
Runnymede TAS ♀ R2. 9 Dec 2014. flying 
adult D Satchell. UCFC 0 567 739. 
E. sp.3         
UCFC 0 567 
740 
Frankford TAS ♀. 14 Nov 2001. AD Rice. 
NT#5. Pin #4. UCFC 0 567 740. 
E. sp.3         
UCFC 0 567 
741 
Frankford TAS ♀. 19 Nov 2001. AD Rice. 
NT#5. Pin #7. UCFC 0 567 741.  
E. sp.3     UCFC X 
UCFC 0 567 
742 
Frankford TAS ♀. 19 Nov 2001. AD Rice. 
NT#5. Pin #6. UCFC 0 567 742.  
E. sp.3         
UCFC 0 567 
743 
Frankford, TAS 2 Jan 2002. Malaise Trap. 
AD Rice. MT6. UCFC 0 567 743.  
E. sp.3         
UCFC 0 567 
744 
Frankford TAS ♀. 27 Nov 2000. AD Rice. 
Em Trap #1. Pin #2. UCFC 0567 744. 
E. sp.3       X 
UCFC 0 567 
745 
Frankford, TAS 2 Jan 2002. Malaise Trap. 
AD Rice. MT6. UCFC 0 567 745.  
E. sp.3       X 
A.E.I. Sep/05 
King William Range, I. 8-23. Tasmania. 
Eadya. American Entomological Institute 
Sep/05. 
E. sp.3     A.E.I.   
ANIC E. 
n.sp.4 
Upper Kangaroo Valley. Nov 24 1960. EF 
Riek NSW. Eadya sp. det T. Huddleston 
1977. A44. Aust. Nat. Ins. Coll.  




Table 2: Definitions and abbreviations for the eight morphometric characters used in the multivariate ratio 
analysis of Eadya paropsidis and Eadya daenarys Ridenbaugh, sp. n. 








The shortest distance 
between the median and 






The shortest distance 
between the lateral ocellus 






The shortest distance 
between the lateral ocelli, 





The shortest distance from 
the posterior edge of the 
lateral ocellus at a 90° angle 
to the occipital carinae, 
dorsal view (Fig. 13B) 
100x 100x 
gsp.l Genal Space 
Length of the genal space 
taken midway between the 
dorsal and ventral margins of 
the eye from the posterior 
edge at a 90° angle to the 
occipital carinae, lateral view 
(see Fig. 2D, Zhang et al., 
2017) 
100x 100x 
mlr.l Malar Space 
Length of the malar space 
taken from the posterior 
margin of the eye to the 
base of the mandible, 
anterior view (Fig. 13A) 
100x 100x 
hea.b Head breadth 
Greatest breadth of head, 
dorsal view (see Fig. 2B, 




tergite 1 breadth 
Greatest breadth of 
metasomal tergite 1 at the 
posterior margin, dorsal view 




Table 3: List of all Eadya material examined along with their DNA voucher number, DNA voucher numbers 




























































































































































































































































































VIC097  X E. annleckieae 
RDR289   
Euc. sp. 
1 
VIC081   E. annleckieae 
RDR292   
Euc. sp. 
1 
VIC083   E. annleckieae 
RDR348   
Euc. sp. 
1 
VIC084   E. annleckieae 
RDR423   
Euc. sp. 
1 
VIC084   E. annleckieae 
RDR350   
Euc. sp. 
1 
VIC085   E. annleckieae 
RDR402   
Euc. 
globulus 
VIC098   E. annleckieae 
RDR352   
Euc. 
globulus 
VIC098   E. annleckieae 
BJS215     X  E. annleckieae 
BJS216     X  E. annleckieae 
RDR129       E. annleckieae 
RDR130       E. annleckieae 


































































































VIC099  X E. daenerys 
RDR294   
Euc. 
globulus 
VIC088   E. daenerys 
RDR349   
Euc. 
globulus 
VIC088   E. daenerys 
RDR370   
Euc. 
globulus 
VIC088   E. daenerys 
RDR391   
Euc. 
globulus 
VIC088   E. daenerys 
RDR395   
Euc. 
globulus 
VIC088   E. daenerys 
RDR378   
Euc. 
globulus 
VIC089   E. daenerys 
RDR422   
Euc. 
globulus 
VIC089  X E. daenerys 
RDR419   
Euc. 
globulus 
VIC093  X E. daenerys 
BJS182     X  E. daenerys 
BJS183     X  E. daenerys 
BJS204     X  E. paropsidis 



























VIC097  X E. sp. 1 
RDR421   
Euc. 
globulus 
VIC097   E. sp. 1 
BJS199     X  E. spitzer 
BJS553     X  E. spitzer 
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Table 4: List of all host beetle material examined along with their DNA voucher number, DNA voucher 














RDR249   
Euc. 
globulus 
VIC090  X 
P. aegrota 
elliotti 
BJS543     X  
P. aegrota 
elliotti 
BJS559     X  
P. aegrota 
elliotti 
BJS201     X  P. charybis 
BJS273     X  P. charybis 
RDR260 E. daenerys RDR248 
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR277 E. daenerys RDR265 
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR297 E. daenerys RDR285 
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR342 E. daenerys RDR337 
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR385 E. daenerys RDR373 
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR404 E. daenerys RDR392 
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR405 E. daenerys RDR393 
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR384 E. daenerys RDR372 
Euc. 
globulus 
VIC098   Pst. agricola 
RDR278   
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR358   
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR366   
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR379   
Euc. 
globulus 
VIC088  X Pst. agricola 
VIC088:016   
Euc. 
globulus 
VIC088  X Pst. agricola 
VIC088:036   
Euc. 
globulus 
VIC088  X Pst. agricola 
VIC088:047   
Euc. 
globulus 
VIC088  X Pst. agricola 
RDR406   
Euc. 
globulus 
VIC089  X Pst. agricola 
VIC093:014   
Euc. 
globulus 
VIC093  X Pst. agricola 
VIC094:005   
Euc. 
globulus 















VIC094:006   
Euc. 
globulus 
VIC094  X Pst. agricola 
RDR325   
Euc. 
globulus 
VIC098   Pst. agricola 
RDR388   
Euc. 
globulus 
VIC098   Pst. agricola 
RDR408   
Euc. 
globulus 
VIC098   Pst. agricola 
RDR424   
Euc. 
globulus 
VIC098   Pst. agricola 
20_1     X  Pst. agricola 
20_2     X  Pst. agricola 
11_2     X  
Pst. 
decolorata 
14_3     X  
Pst. 
decolorata 
RDR365 E. daenerys RDR353 
Euc. 
globulus 
VIC088  X Pst. m-fuscum 
RDR298 E. daenerys RDR286 
Euc. 
globulus 
VIC089  X Pst. m-fuscum 
RDR282 E. daenerys RDR270 
Euc. 
globulus 
VIC093  X Pst. m-fuscum 
RDR410 E. daenerys RDR398 
Euc. 
globulus 
VIC099  X Pst. m-fuscum 
RDR341   
Euc. 
globulus 
VIC094   Pst. m-fuscum 
39     X  Pst. m-fuscum 



























































































































































































































































VIC097  X 
Pst. 
variicollis* 
RDR426 E. sp. 1 RDR417 
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
RDR427 E. sp. 1 RDR418 
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
RDR251   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
RDR338   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:009   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:014   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:024   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:026   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:029   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:031   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:032   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:034   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:035   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:037   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:038   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:039   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
VIC081:041   Euc. sp. 1 VIC081  X 
Pst. 
variicollis* 
RDR308   Euc. sp. 1 VIC082   
Pst. 
variicollis* 
RDR324   Euc. sp. 1 VIC083  X 
Pst. 
variicollis* 

















VIC083:012   Euc. sp. 1 VIC083  X 
Pst. 
variicollis* 
VIC083:040   Euc. sp. 1 VIC083  X 
Pst. 
variicollis* 
VIC085:008   Euc. sp. 1 VIC085  X 
Pst. 
variicollis* 
VIC085:023   Euc. sp. 1 VIC085  X 
Pst. 
variicollis* 
VIC085:024   Euc. sp. 1 VIC085  X 
Pst. 
variicollis* 
VIC089:010   
Euc. 
globulus 
VIC089  X 
Pst. 
variicollis* 
VIC089:014   
Euc. 
globulus 
VIC089  X 
Pst. 
variicollis* 
VIC089:018   
Euc. 
globulus 
VIC089  X 
Pst. 
variicollis* 
VIC089:019   
Euc. 
globulus 
VIC089  X 
Pst. 
variicollis* 
VIC089:023   
Euc. 
globulus 
VIC089  X 
Pst. 
variicollis* 
RDR255   
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
RDR256   
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
RDR258   
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
RDR276   
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
RDR280   
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
VIC097:005   
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
VIC097:016   
Euc. 
globulus 
VIC097  X 
Pst. 
variicollis* 
18     X  
Pst. 
variicollis* 







































































Eadya spitzer 0.0106     
Eadya paropsidis 0.0873 0    
Eadya sp. 1 0.0782 0.0857 0   
Eadya daenerys 0.1037 0.0986 0.0645 0.0014  
Eadya annleckieae 0.3042 0.3107 0.2809 0.2916 0.0027 
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Paropsis charybdis 0.0076      
Paropsis aegrota elliotti 0.1826 0.0057     
Paropsisterna decolorata 0.1642 0.1528 0.0015    
Paropsisterna m-fuscum 0.1818 0.1735 0.1264 0.0078   
Paropsisterna agricola 0.1907 0.1508 0.1052 0.1136 0.0052  
Paropsisterna variicollis* 0.1903 0.1605 0.1043 0.1132 0.0977 0.0020 
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Table 7: List of all phytochemical compounds isolated, their identification, and molecular weight 
Compound # Compound Identification 
Molecular Weight 
(g/mol) 
C1 alpha-Pinene  136.23 
C2 Hexanoic acid  116.16 
C3 Bicyclo[3.1.1]heptane, 6,6-dimethyl-2-methylene-, (1S)-  136.23 
C4 Octane, 3,4,5,6-tetramethyl-  170.33 
C5 alpha-Phellandrene  136.23 
C6 gamma-Terpinene  136.23 
C7 O-Cymene  134.22 
C8 D-Limonene  136.23 
C9 Eucalyptol  154.25 
C10 gamma-Terpinene  136.23 
C11 Cyclohexanamine, N-3-butenyl-N-methyl-  167.29 
C12 3-Octen-2-one  126.2 
C13 2-Carene  136.23 
C14 Butanoic acid, 3-methyl-, 3-methylbutyl ester  172.26 
C15 Phenylethyl Alcohol  122.16 
C16 2,4,6-Octatriene, 2,6-dimethyl-, (E,Z)-  136.23 
C17 (3S,4R,5R,6R)-4,5-Bis(hydroxymethyl)-3,6-dimethylcyclohexene 170.25 
C18 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-  144.12 
C19 Furan, tetrahydro-2,5-dipropyl-  156.26 
C20 Cyclohexanemethanol, alpha,alpha-dimethyl-4-methylene-  154.25 
C21 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)-  154.25 
C22 2-Cyclohexen-1-one, 4-(1-methylethyl)-  138.21 





C25 5-Hydroxymethylfurfural  126.11 
C26 Bicyclo(3.1.1)heptane-2,3-diol, 2,6,6-trimethyl-  170.25 
C27 Neral  152.23 
C28 Geraniol  154.23 
C29 Undecanal  170.3 
C30 2,6-Octadienal, 3,7-dimethyl-, (E)-  152.23 
C31 Dodecane, 4-methyl-  184.36 
C32 3-Cyclopentene-1-ethanol, 2,2,4-trimethyl-  154.25 
C33 Nonanoic acid, ethyl ester  186.29 
C34 Geranyl formate  182.26 
C35 3-Methyl-2-(2-methyl-2-butenyl)-furan  150.23 
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Compound # Compound Identification 
Molecular Weight 
(g/mol) 
C36 Ascaridole epoxide 184.23 
C37 Neric acid  168.23 
C38 1,2,3-Benzenetriol  126.11 















methylene-, [1aS-(1aalpha,3aalpha,7abeta,7balpha)]-  
204.35 
C45 Aromandendrene  204.35 






























C55 (-)-Globulol  222.37 











tetramethyl-, [2R-(2alpha,4abeta,8beta)]-  
222.37 
C60 Guaiol  222.37 
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Compound # Compound Identification 
Molecular Weight 
(g/mol) 





C63 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl-  222.37 
C64 RT:13.397   
C65 Isolongifolol  222.37 
C66 Bicyclo[2.2.1]heptan-2-ol, 1,5,5-trimethyl-  154.25 
C67 RT:13.753   
C68 trans-1-Methyl-7-methylenebicyclo(4.4.0)decan-3-one  178.14 










C73 3,7,11,15-Tetramethyl-2-hexadecen-1-ol  296.5 
C74 Phytol  296.5 
C75 2-Heptadecanone  254.5 
C76 Octadecane, 3-ethyl-5-(2-ethylbutyl)-  366.7 
C77 Benzene, 1,1'-dodecylidenebis[4-methyl-  350.58 
C78 RT:14.990   
C79 1,4-Naphthoquinone, 6-acetyl-2,5,7-trihydroxy-  248.19 
C80 4H-1-Benzopyran-4-one, 5,7-dihydroxy-2-methyl-  192.17 
C81 RT:15.440   
C82 RT:15.647   
C83 RT:15.810   
C84 RT:16.037   
C85 9,12,15-Octadecatrienoic acid, (Z,Z,Z)-  278.43 
C86 Octadecanoic acid  284.48 
C87 Benzyl beta-d-glucoside  284.26 
C88 RT:17.740   
C89 RT:17.797   
C90 RT:17.943   
C91 1-Hydroxymethyl-3,3,7,11-tetramethyltricyclo[5.4.0.0(4,11)]undecane 236.39 
C92 RT:18.147   
C93 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester  330.5 
C94 Bis(2-ethylhexyl) phthalate  390.56 
C95 RT:19.073   
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Compound # Compound Identification 
Molecular Weight 
(g/mol) 
C96 Octadecanoic acid, 2,3-dihydroxypropyl ester  358.56 
C97 Squalene  410.73 
C98 RT:19.843   
C99 RT:19.953   
C100 Hexatriacontane  507 
C101 Eicosanoic acid, phenylmethyl ester  402.7 
C102 4-Hydroxybenzyl alcohol, 2TBDMS derivative  352.66 
C103 RT:20.783   





C106 Docosanoic acid, phenylmethyl ester 430.71 
C107 Pentacosane-10,12-dione 380.6 
C108 RT:23.250   
C109 RT:23.417   
C110 Succinic acid, dodec-2-en-1-yl 2,2,3,4,4,4-hexafluorobutyl ester 448.4 
C111 Tricosane-6,8-dione  352.6 
C112 RT:24.923   
C113 (Z)-Pentacos-16-ene-2,4-dione  378.63 
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